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INTRODUCTION
Statement of the Problem
The mammalian embryo has always proved to be a difficult subject of
investigation* The extremely small size of the mammalian ovum and bias to-
oust, the complicated phenomena attendant upon ovulation as veil as egg and
sperm transport have posed problems of such magnitude it is small wonder
that much misinformation resulted from early observations and that the road
to correct conceptualisation was long and tortuous* It would not be out of
place to quote Thomas Henry Huxley, saying in 1881 (Meyer, 1939):
It is easy to sneer at our ancestors. . « but it is much more profitable 
to try to disoover why they, who were really not one whit less sensible 
persons than our excellent selves, should have been led to entertain 
views which strike us as absurd*
In few places is the above statement more applicable than in the 
field of embryology* One gains the impression that the productive study of 
the mammalian embryo waited of necessity upon the firm establishment of 
other areas of the biological sciences*
The mammalian embryo is difficult to manipulate because of its in­
trauterine growth* The embryo prior to implantation, while it is capable 
of being recovered with reasonable facility, does not easily allow experi­
mental modification and replacement under in utero conditions* In the 
study of mammal! an embryogenesis, there is no equivalent of the window 
technique which has proved so useful in the field of chick embryology* The 
in vitro technique, while it has been and is being employed in mammalian 
work, has the limitations which apply to all vitro work, namely, the
2possible inadequacy of the medium, the problem of its replacement, and the 
removal of waste metabolites*
We felt that the use of the chick chorioallantois for the experi­
mental analysis of mammalian embryos or the use of the anterior chamber of 
the eye or the variety of body spaces which have been tried by other workers 
all had common shortcomings which the cheek pouch of the hamster might have 
to a somewhat less degree*
Accordingly we investigated the question of whether or not the in­
trapouch connective tissue of the cheek pouch of the Syrian hamster 
(Keaocrioetufl auratus) was suitable for use in studies of experimental 
embryology*
The reasons for this decision were several:
1) The cheek pouch of the hamster may be easily everted, pinned 
out over an optical block in a preparation dish, the explantation made, the 
pouch replaced and frequent observations made, all with minimal trauma to 
the animal*
2) The hamster has the most rapid embryological development of any 
known mammal, with an average gestation period of only sixteen days* In 
addition, large litters (often in exoess of twelve young) and a high rate 
of fertilization are oommon*
3) The embryonic development of the hamster, apart from its rapid 
rate, is virtually identical to those of the rat and the mouse*
Historical Development 
The experimental analysis of development is a field of scientific
investigation which is not yet a full three quarters of a century old*
3This is not difficult to understand when it is considered that before in­
vestigations in experimental morphology could be essayed a comparatively 
large body of knowledge needed to be established. In addition, because of 
the microscopic and neai^-microscopic size of much embryonal material, 
causal analysis had to wait upon the development of such tools as the mi­
croscope and satisfactory histological techniques.
The beginnings of experimental embryology were, however, presaged 
in part, at least, by the work of the great "natural philosophers" of the 
sixteenth, seventeenth, eighteenth and nineteenth centuries and by certain 
of the ancient Greeks, notably, Aristotle.
Since the work being reported here is basically an attempted ana­
lysis of the epigenetic phenomena associated with the organogeny of the 
hamster limb bud, it would seem justified to trace briefly the development 
of epigenesis as a concept in the history of embryology. Meyer (1939) 
tells us that "Aristotle, 384-322 B.C., knew that there was a sequence in 
the appearance of various organs and parts of the embryo; but his idea of 
epigenesis was mainly dynamic, not morphologic, and his concept of re­
capitulation psychical, not physical." It appears that William Harvey, 
1578-1657, was also a theoretical epigenetioist since he believed in "the 
gradual development of succeeding forms out of some preexisting unformed 
substance" (Meyer, 1939)* The concept of gradual development had to con­
tend, however, with the concept of the older evolutionists who believed 
that organisms are formed to to at the beginning of their existence and
that growth was characterized mainly by an increase in size.
It can be said without equivocation that Caspar Friedrick Wolff,
1733-1794, was the father of the theory of epigenesis. Through his work
4on the chick he was able to erect this concept upon a firm morphological 
foundation. This is something of a paradox since he apparently received 
the germ of this idea from Christian Wolff, 1679-1745» a philosopher who 
in his turn was influenced by Baron Gottfried von Leibnitz, 1646-1716, who 
was a preformationist and a subscriber to the emboitement concept.
Like the classical microsoopists before him, Wolff saw cells but 
did not recognize their true nature or significance. Meyer (1939) tells us 
that he "spoke of them as small spherules present in the walls of blood 
vessels, the kidneys, and blood islands"; thus Wolff was here quite in step 
with his times.
It seems that Wolff, like so many investigators both before and 
after him, was without honor in his own century. This is apparently un­
derstandable for some of this work because of its speculative nature; but 
his finest work, De Formations Intestinorum Paeoinue. 1768-69, had apparently 
no real influence upon the study of embryology in his time.
Wolff in his Theoria stated an important hypothesis when he said 
that in the study of the development of the ovum a theory should be backed 
up by direct observations of the egg. In this work he observed the didexmic 
nature of the blastoderm.
Wolff's name will stand fresh in the memory of students of embryo­
logy for as long as the names Wolffian ridge, Wolffian duct and Wolffian 
body are in use. Cole (1930) said, "Not withstanding the powerful begin­
nings of Aristotle and Harvey, epigenesis found no supporters. The dictum 
of Bonnet, 'Nulla eat epigenesis.' and that of Haller, 'Nulla adeo eat 
epigenesis.' were hard to overthrow."
Wolff's work, like that of Mendel, lay fallow for nearly a century.
5It remained for the vork of Heinrich Christian Pander, 1794-1865, and Karl 
Ernst yon Baer, 1792-1876, to establish the concept of epigenesis upon a 
firm foundation* It is interesting to speculate how different the course 
of the history of embryology might have been had some of the competent mor­
phologists such as Malpighi! and Swammerdam held to the epigenetic rather 
than the prefoxmational point of view.
As late as 1835 Burdach held an erroneous concept of epigenesis, 
thinking that it might occur "before or after fertilisation" (Meyer, 1959)* 
The d e a r  establishment of the concept of epigenesis had to await 
the formulation of the concept of the cell as the functional and morpho­
logical unit of living systems* This was not accomplished until the late 
1830*8 with the work of Schleiden and Schwann, 1839*
Embryology is said today to have passed in its major emphasis from 
a purely descriptive treatment to the analytical approach in the solution 
of problems of development* However, before any scientific discipline can 
become analytical it must first have collected and established a firm basis 
of fundamental information upon which to erect an experimental design* It 
is also evident that in the history of science certain men stand like 
colossi, head and shoulders over their contemporaries In the magnitude and 
importance of their contributions to their science* Such a man was Karl 
Ernst von Baer, 1792-1876* Though von Baer did not himself conduct in­
vestigations which would in the m o d e m  sense fall in the category of ex­
perimental analysis of development, his contributions to the field of de­
velopmental morphology stand in the same relation to the m o d e m  experimental 
embryology as the work of Dalton on the structure of the atom stands to 
m o d e m  quantum mechanics* It is of interest to note that von Baer’s dis­
covery of the mammalian ovum in 1824 gave rise to little more
6fruitless speculation between the years 1824 to 1834*
He devoted his life to the writing of a treatise which would have 
occupied the lifetimes of several lesser men* The first volume was pub­
lished in KBnigaborg in 1828; the third and last volume was not published 
until 12 years after his death in 1888* Meyer (1939) comments that the 
treatise, while incomplete, is very valuable and defends von Baer's seeming 
indifference by stating that he had set himself too comprehensive a task* 
Meyer says he "• • • far surpasses anything previously accomplished, not 
only in scope but in comprehension and enduring results*" Yon Baer looked 
upon development as a kind of evolution and not as a "true new formation or 
literal epigenesis" (Meyer, 1939)* He did not have a true concept of either 
the cell, tissues, or the mammalian ovum* It would seem that he did not 
have a clear grasp of the basic division of the blastoderm into the three 
primary germ layers since at times he recognised three, and at other times 
four, germ layers*
Meyer (1939) tells us that:
Thomas Henry Huxley (1853) spoke of von Baer as "one who had in the 
completest manner demonstrated the truth of the doctrine of Epigenesis 
three years before the delivery of Cuvier's Lecons sur l'Histoire des 
Sciences Haturelles (in which he still advocated the Evolution /pre- 
formationai/ theory)," and added that von Baer "recognised development 
as the sole basis of zoological classification, while in France Cuvier 
and Geoffry St* Hill&ire were embittering one another's lives with end­
less mere anatomical discussions and replications, and while in Germany 
the cautious study °f nature was given up for the spinning of Natur- 
/h1q7  and other hypothetical cobwebs*"
M o dem experimental embryology's beginnings are clearly traceable 
to the work of Wilhelm Boux, 1850-1924* He became concerned with the ques­
tion of how early in development, "certain organs and tissues are predes­
tined to assume their prospective form and function, and whether this pre­
destination can be affected by different influences" (Nordenskidld, 1927)*
7In classical tines, to be sure, some scholars had attempted to incubate 
hens1 eggs in the sun's rays but, until the time of Roux, no concerted ef­
fort had been made by investigators to alter experimentally the course of 
embzyogeny* It is interesting to note that he was influenced by Veismann's 
concept of the continuity of the germ plasm (this concept was apparently 
also contributed to by Sachs)* Roux's work on the blastomeres of the frog's 
sgg is too well known to treat in detail in this writing* It is enough to 
say that it fell into the category of a defect experiment* The main hypo­
thesis which arose from Roux's work was that developmental processes occur­
red in a sort of mosaic, the mosaic being determined before the eggs start 
to cleave* His conceptual scheme was almost immediately attacked by 0* 
Hertwig who thought of the egg's mass as "equipo tential-iso topic" 
(NordenakUfld, 1927)* Hertwig's point of view gained immediate support by 
Driesch, who separated the blastomeres of the sea urchin's egg in calcium- 
free aea water to produce smaller but complete sea urchins, even though his 
work seemed to be the antithesis in result of Roux's work*
Nordenski&Ld (1927), commenting on the work of these two investi­
gators, says that the discrepancies between their two views need to be re­
conciled, adding that their work was erroneously applied to all animals' 
eggs —  much too broad a generalisation, in that not all animals' eggs are 
mosaic in organization*
Hans Spemaxm, who was bora in 1869, performed a series of experi­
ments during the 1920's which profoundly influenced the course of the 
science of experimental embryology* The concept of the "primary organiser" 
which he developed, although it underwent marked modification with the pas­
sing years, still stands as a landmark among the developing concepts in the
8science* At about the same time the use of the amphibian embryo and the 
study of regenerating blastemas of the stumps of the amputated amphibian 
limb were developed as research techniques and have since continued to be 
useful experimental tools*
In the last three decades the embryo of the chick and, still more 
recently* that of the mnwrawi have also been subjects of investigations* In 
the case of the chick a variety of embryonic-culture techniques have proved 
very useful* A modified plasma clot technique based in part, at least, on 
the pioneer work of Carre 11, 1923, was developed by Fall and Strangevays in 
1926, and vas modified by C. H. Waddington at Cambridge in 1932* This tech­
nique has senoe been used intensively by many workers* Among the most com­
petent of these is Nelson Spratt who developed a series of agar-albumin nu­
trient substrates which proved of great utility in analyzing problems of 
embryogeny*
The chorioallantoic membrane of the chick has been a very useful 
locus for the explantation and subsequent experimental study of the de­
velopment of isolated anlagen of the embryo* Hamburgur (1933) has developed 
a method in which the material whose development is to he studied is intro­
duced into the coelomic spaces of the host embryo*
The mammalian embryo as mentioned elsewhere has proved to be a far 
more difficult organism upon which to work because of its intrauterine 
growth* Some success has been obtained with in vitro culture methods, 
trans-uterine transplantation, the intraocular anterior chamber technique, 
the chick ohorioallantois, and a variety of body spaces, such as the peri­
toneal cavity, the mesenteric spaces, and the kidney capsule* Crouse (1956) 
and others have used the intercerebral spaces with good success. All of
9these loci have, however, one coram disadvantage to their use* Except in 
the case of the anterior chamber technique, the explant is difficult to ob­
serve after its removal to the experimental site* Recovery of the explant 
is sometimes difficult in several of these techniques and often involves the 
sacrifice of the animal.
Siflnlf 1 Cflnee of Studies Bxtrauterine Sites
aa Knerijental Loci
The work being reported here falls within the category of isolation 
experiments* The anterior chamber technique (used by Fawcett and Vislocki 
at Harvard in 1947 to study the development of the blastocyst), the chorio­
allantoic membrane of the chick (Hiraiwa Xoshi Kuni, 1927), the intracoelomic 
space of the chick embryo (Hamburgur, 1933), the intercebral spaces of the 
late foetal and newborn rat (Crouse, 1956), the kidney capsule and other 
body spaces (Nicholas, 1934, 1942), all have been shown to be useful loci 
for the study of extrauterins growth in the mammal* The significances to 
be drawn from studies of embryonal growth in such sites are several*
l) Any embryonal tissue translocated to such sites as those men­
tioned above becomes physically isolated from the highly specialized and 
hormonally prepared uterine endometrium* Thus, if extrauterine embryonal 
growth occurs, the new locus itself must provide, through alteration of its 
structures, an environment which at least approximates in utero conditions* 
The extrauterine loci used by other workers are described in the review of 
the literature* The approximation of the hamster cheek pouch to in utero 
conditions usually takes the form of what appears to be the early estab­
lishment of a good vascular supply to the embryonal tissue which has been 
transplanted to the intrapouch connective tissue* Thus the hamster cheek
10
pouch provides an in vivo tissue culture preparation in which virtually nor­
mal regulative development may be studied and observed for an extended period 
without traumatising the animal*» The usual shortcomings of the tissue cul­
ture technique are not present*
2) A whole embryo or a portion of an embryo, in order to undergo 
morphogenesis and differentiation must, at the time of its explantation, 
have acquired the capacity to do so* Thus the limb bud at the time of its 
explantation to the pouch must have present within it the potential morpho­
genetic capacity to continue development in the pouch if both morphogenesis 
and differentiation are to occur in the new site* Hence, the cheek pouch, 
like loci used by other investigators, provides an opportunity for that type 
of manipulative procedure which is used as a defect experiment* The signi­
ficance is that the manipulative procedures being discussed provide an ex­
perimental tool for the investigation of fundamental problems in mammalian 
development* If, at the time of explantation of the embryo or its anlagen, 
certain groups of its oells or tissues which are thought to have an induc­
tive effect are also removed; and if subsequent embryogenesis or organogene­
sis fails to ensue, it may be concluded that the inductor is resident in the 
structure removed* It must first have been demonstrated of course that the 
unmodified embryo or anlage will in fact grow in the experimental locus*
3) Ekubryonal tissue seems to have the ability to grow under very 
adverse conditions* Mere growth in the extr&uterine locus is not sufficient 
for purposes of experimental analysis of this growth does not at least ap­
proximate the growth that the same tissue or embryo would have undergone in 
the uterus* That is the experimental site should allow almost normal de­
velopment of the embryonal tissue* All of the experimental loci mentioned
uhave limitations which perforce distort the picture which the experimentalist 
sees* Xt is fundamental to this type of study that the investigator thor­
oughly recognize the intrinsic limitations of the site to which embryonal 
tissues are explanted*
REVIEW OF THE LITERATURE
12
Embryology
The Normal Embryology of the Rodent 
The Rodentla display a fundamental similarity in their embryologi- 
cal development* For this reason only the mouse and hamster among the 
three animals whose development is to be discussed will be covered in detail.
Specific details of the hamster's development which are pertinent 
to the work being reported will be presented in the section on results*
The Rodentla are very advanced in an embryological sense in that 
their placentae, when fully developed, interpose fewer barriers between fe­
tal and maternal circulations than does the primate placenta* The rodent's 
placenta is of the haemo-endothelial type while the primate's is haemochorial• 
Students of the embryology of the rodent were for many years puzzled by a 
phenomenon which has been called the "inversion of the germ layers*" That 
is, in the rodent the usual arrangement of the early embryo with ectoderm on 
the inside, is reversed* The ectoderm in these forms is apparently internal 
and the entoderm is external* This relationship, the exact reverse of the 
arrangement in all other chordates, while seeming to be quite different, is 
not* Snell (194-1) showed that no real change in the arrangement of the 
germ layers had been effected* Snell went on to frame an explanation based 
upon an analysis of the development of this apparent reversal in form by 
tracing its development in primitive rodents* As an example of a primitive 
form he used the thirteen lined ground squirrel in which the embryonic area 
is quite superficial with regard to the cavity of the yolk sac* As
13
evolution proceeded, the embryonic area became "pushed" more and more into 
the spherical yolk sac* This Snell considered as invagination and said that 
"the change is comparable to that produced when a rubber ball has one side 
pushed in, being altered thereby from a sphere to a cup*" He drew atten­
tion to the fact that in the development of a primitive rodent, the thir­
teen lined ground squirrel, the embryonic disc is pushed into the cavity of 
the yolk sac while still attached to the splanohnopleure, thus turning the 
splanchnopleure inside out and reversing the relationships of ectoderm and 
entoderm* Thus, it would seem that the thirteen lined ground squirrel could 
be considered as establishing in its embryogeny, the development of the 
"inverted" condition of the germ layers*
The normal embryology of the mouse
Sobotta (1895) did a classical study on fertilization and segmenta­
tion in the mouse* In 1896 he reported the results of his studies on the 
corpus luteum of the mouse* Kirkman (1906) and Long and Mark (l91l) studied 
the maturation of the mouse egg* Lams and Looms (l91l) did a study inclu­
ding in its scope the egg of the mouse* The estrus cycle of the mouse was 
studied by Parkes (1926)* A more recent study on the early development of 
mouse ova was that of Lewis and Wright (1935)*
Snell (l94l) gives the zonal diameter of the mouse egg as 95 microns* 
After fertilization this diameter increases to 113 microns or about *0644 
inches* The mouse egg, as is the case with other mammalian eggs, is just 
visible to the eye without microscopic aid* Snell shows pictures of the 
mouse egg which are very similar to the figures in a recent paper of Austin 
(1955) on the preimplantation stages of the hamster, Snell observed that 
there is a perceptible difference in the size of the pronuclei in the mouse
14
egg, saying that the male element is somewhat the smaller of the two*
The general phenomena associated with fertilization, formation of 
the first cleavage spindle, and initiation of the first syngamous divisions 
are essentially the same in the mouse, rat, hamster and allied genera, as 
they are in other higher mammals* In most oases only one sperm cell pene­
trates the zona* The zona elevates away from the vitellua to form the peri- 
vitelline space* The sperm tail may or may not be drawn into the egg; 
variation is seen here* The egg completes its meiotic divisions which have 
been in a state of arrest at the second metaphase spindle, the secondary 
polar body is given off and the female pronucleus is constituted*
Both pronuclei now approach each other, becoming vesiculate as they 
approach* The chromosomes of each condense, and the pronnolei line up on 
opposite sides of the future metaphase spindle of the first cleavage divi­
sion* Chromosomal synapsis, restoration of the diploid chromosomal number 
and longitudinal splitting ensue with the anaphase of the first syngamous 
division*
The first cleavage division in the mouse takes place about 24 hours 
after observed mating behavior* Two slightly unequal blastomeres are pro­
duced* The divisions which follow are not so widely separated in time* 
Even-numbered cleavage stages are produced by what is apparently synchronous 
cleavage, according to Snell* He did observe, however, that occasionally 
odd-numbered stages could be found* This be attributed to incompleteness of 
division*
It is of interest to note in passing that the first cleavage divi­
sion. persists for & proportionately much longer time, in rat and hamster at 
least, than do ensuing ones* It would seem as though the newly constituted
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embryonal Individual were "resting" before further demonstrating its capa­
city for growth and differentiation. Division itself takes but 5 to 10 
minutes, the period between divisions is about 12 hours.
At the stage of the morula, which is reached in the mouse about 60 
hours after fertilisation (Snell, 194l), the eggs are still in the oviduct. 
Passage into the uterus occurs some 6 to 12 hours later. Thus the eggs of 
the mouse remain in the oviduct for from 66 to 72 hours. Variation is en­
countered in the time of passage of ova into the uterus, the usual time be­
ing around 4 days after copulation has occurred. The eggs of rodents like 
those of so many other higher chordates implant in the uterus some 4 to 5 
dayB after fertilisation.
The mouse egg forms a typical biastula possessing the two major 
components of inner cell mass and trophectoderm. Difficulty is encountered 
in securing sectioned material of this stage because distortion of the im­
planting blastocyst is common.
The uterus of the mouse is of the duplex type formed by an incom­
plete fusion of the Mttllerian ducts. Attachment to the dorsal body wall is 
by means of a mesentery, the mesometrium. The general blood supply of the 
uterus, via the uterine artery, courses in this mesentery giving off seg- 
mentally-repeated branches as it goes caudally. Two layers of smooth muscle 
are present in the wall, an outer longitudinal layer and an inner circular 
layer (Snell, 1941 )• The separation between these two layers in the rodent 
uterus (as well as in the uteri of other mammals) is difficult to see. The 
m*in bulk of the uterine wall is composed of the mucosa which lies between 
the epithelium (the endometrium) and the muscularis. The endometrium is 
characterized by the presence of numerous small crypts which are
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reminiscent of the crypts of Lieberkflhn in the small intestine*
Eggs enter the uterine horn through the tubo-uterine junction and 
become regularly arranged or spaced along the length of each uterine cornu* 
Each blastocyBt becomes associated with a blind endometrial crypt* Attache 
aent of the blastocysts to the endometrium of the crypt is opposite in po­
sition to the point of mesoaetrial attachment* Snell points out that there 
is an optional set of terms which may be used in defining the early rodent 
embryo* These two sets of terms are (l) me3onetrial and antimesometrial, 
and (2) dorsal-ventral• He advises that, for the sake of clarity, the lat­
ter set of terms be used since, as he says,
. . * the dorsal-ventral axis of the embryo coincides with the dorso- 
ventral axis of the mother for at least the first 8 days of development, 
the usage dorsal and ventral would seem to be perfectly clear in most 
cases besides having the advantage of simplicity*
Nicholas (1954) summarises the results of many workers studying the 
phenomena associated with implantation* A statement from his conclusions is 
of particular significance* "The 'free1 blastocyst is not normally inde­
pendent of the uterus, mechanically, chemically or biologically* It is free 
only in the sense that it may be dislodged by mechanical forces so great 
that they overwhelm those of the uterus*"
Nicholas points out that the swelling of the blastocyst prior to 
implantation results in a distension of the uterine lumen which in turn 
causes a localised contraction of the uterus* This could be an important 
factor in the regular spacing of embryos as they are to be seen in rodents* 
Nicholas (1954) postulates that implantation may be dependent in 
part at least on a transition of the trophectoderm from anaerobic to aerobic 
metabolism, accompanied by a loss of cohesiveness in the cells overlying
uterine blood vessels* He considers that as soon as aerobic conditions are
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established, invasion of the uterine mucosa ceases*
Snell mentions that the sloughing of the uterine endometrium is ac­
complished within 15 hours after implantation* He notes that a swelling is 
visible at the implantation site one day after implantation* The portion of 
the uterus involved in decidual formation is, mainly, the mucosa.
The inner cell mass of the mouse, like that of other rodents and of 
man, is composed at the time of implantation of ectodermal and entodexmal 
elements* The rest of the mouse blastocyst is composed of tropheotoderm 
which, as Snell says, is tta single oelled layer bounding the blastocoele 
ventrally and laterally.” He mentions that its primary role is probably 
that of nourishment of the embryo*
The further proliferation of the entoderm follows a typical pattern 
in the mouse as it does also for the rat and hamster* From the lateral mar­
gins of the inner cell mass streams of entoderm grow down over the inner 
surface of the tropheotoderm until the entire inner surface of the biasto- 
coel is covered with entoderm* The entoderm thus has come to be divisible 
into two types* The first, associated with the inner cell mass, is known as 
the proximal entoderm; the second, bounding the wall of the egg cylinder, is 
known as the distal entoderm* The egg cylinder, meanshile, has been pro­
duced by the inner cell mass growing into the yolk sac cavity —  the ento­
derm-lined cavity of the blastocoel*
The ectodermal germ layer becomes divided into two parts at an 
early point in development* According to Snell the ectoderm of the egg 
cylinder early becomes divided into a dorsal extraembryonal component whose 
nuclei are elongated, and an embryonal component whose nuclei are more 
rounded* The extraembryonal ectoderm has a denser staining reaction than
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does the embryonic•
In the mouse at 5 days a space or "cleft", as Snell calls it, next 
appears in the ectoderm of the inner cell mass* Following swiftly on the 
heels of this the extraembryonic ectoderm soon develops a space which be­
comes continuous with the space or cavity in the embryonic ectoderm* The 
fusion of these two cavities of the embryonic and extraembryonic ectoderm 
produce an elongate, continuous cavity called the proamniotic cavity*
At about the same time, i«e*, 5 to 5rjr days, the dorsal-most portion 
of the extraembryonic ectoderm develops into the eotoplacental cone which 
has a porous structure in whose interstices the maternal blood circulates* 
Germ layer inversion produced by the sinking of the embryonic disc 
while it is attached to the splanchnopleure, is just about complete in the 
mouse by 5i days*
Snell believes that germ layer inversion is a phenomenon whose con­
sequence is "• • • the production of a very compact form of early develop­
ment." He points out that the volume of a mouse embryo is much smaller —  
only one-fiftieth that of the thirteen lined ground squirrel's embryo* The 
volume reduction of the mouse embryo does not effect the volume of the mouse 
egg cylinder itself*
It would seem that this apparently efficient arrangement of embryos 
in utero could be a contributing factor to the success of the Bodentia as a 
taxonomic group*
The mesoderm makes its appearance at 6^ days in the mouse* At the 
point of meeting of the extraembryonic and embryonic ectoderm, in a narrow 
strip of ectoderm which extends half way down the length of the posterior 
half of the egg cylinder, is the primitive streak from which are budded off
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the early mesoderm cells* At the time of streak formation and mesoderm pro­
liferation the anterioivposterior embryonic axis is established*
Snell describes these mesodermal cells as having a very loose char^ 
acteristic appearance and mentions that their growth is most rapid at the 
point of junction of embryonic and estraembryonic ectoderm* Certain meso­
dermal cells leave the region of the embryo proper and these are destined to 
form a part of the yolk sac*
Snell's description of the orientation of the embryo within the 
uterus is noteworthy for its clarity* The writer found in his own work on 
the normal embryology of the hamster that Snell's Figure 11 on page 16 was 
applicable except for considerations of time-differences in the hamster's 
development. The writer found that deviations of orientation occur in the 
hamster, just as Snell had reported it for the mouse* The orientation 
shifts in the mouse at about 8 to 8^ days as a result of the embryo's 
twisting on its side*
Mesoderm formation causes a bulging of the ectoderm at the point 
where its two components come together to push into the cavity of the pro­
amnion* Similar mesodermal proliferation produces lateral and anterior 
folds* Their coming together is similar to the constriction of a continu­
ous band of mesoderm circling the embryo, their final point of union and 
meeting being eccentrically placed* As the amniotic folds grow inward 
spaces appear in their mesoderm* These spaces, which coalesce at the time 
of fusion of the amniotie folds, produce the mesoderm-lined extraembryonic 
coelom*
With the fusion of the cavities of the amniotic folds three cavities 
are produced in the embryo in place of the single proamnio tic cavity which
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had proceeded them. Proceeding from the embryo to the ectoplacental cone 
or anex of the egg cylinder there cure the amniotic cavity, the extraembryo- 
nic coelom, and the cavity of the ectoplacental cone, in that order*
The head process in the mouse is short lived, apparently existing 
for only half a day* As in the chick its growth is from the cephalic end 
of the primitive streak —  showing greater affinity to gut than to ectoderm* 
A portion of it gives rise to the gut, the remainder to the lining of the 
gut (Snell, ££• cit*. page 2l).
The neural grooves appear at about 7i days and they, together with 
the primitive streak, clearly establish the anteroposterior axis of the em­
bryo.
The allantois appears at days as an outgrowth into the extra- 
embryonic coelom at the caudal end of the primitive streak; no entoderm 
lining is present and its function as in the hamster is the conveyance of 
blood vessels*
Differentiation of the gut is quite typical by about 7 days; both 
portals have formed and the fore-, mid- and hind-gut regions are well de­
fined* The head fold and the somites both appear at about 7i days.
Formation of the coelom in the mouse is brought about by a division 
of the mesoderm lateral to the somites*
Reichert*s membrane is a peculiar feature of development in the 
Rodentia, and the chorion, while present, is small and does not perform the 
same protective function as in other animals* Reichart's membrane is a 
"non cellular, pink-staining membrane" (Snell) which first is seen in the 
mouse at about days and is located between the trophectoderm and the 
entoderm which lines the blastocoel* Snell does not postulate a function
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for it*  He sta tes i t s  source as being the entoderm*
One la s t phenomenon in  the ea rly  embryology o f th e  mouse w hich w i l l  
be discussed in  closing is  the tu rn ing  o f the embryo# T his o ccu rs I n  th e  
mouse a t about the stage of 7 som ites ( a t about 8 -^ days)# The w hole c u rv a ­
ture of the embryo is  reversed. The re s u lt  i s  th a t  th e  S—shape o f  th e  e a r ly  
embryo becomes changed to a  C. Head and t a i l  fo ld s  a re  in v o lv e d  on a x e s  
parallel to the fore- and hind-guts (S n e ll) .
After th is  point is  reached the mouse embryo fo llo w s so  c lo s e ly  th e  
embryonal development of other rodents th a t no u se fu l purpose w ould b e  
served by continuing i t s  discussion*
The normal embryology of the rat
A  detailed study of the development o f th e  r a t  was done by H uber 
(1915)* The estrus oyole and the phenomena a sso c ia te d  w ith  i t  w ere s tu d ie d  
by Long and Evans (1922)# A  whole s e rie s  o f experim ental s tu d ie s  on th e  
ra t embryo both before and a f te r  im plan tation  has been c a r r ie d  on by 
Nicholas and his associates# This work i s  d iscu ssed  elsew here#
Nicholas (1949) has w ritten  a comprehensive accoun t o f th e  d e v e lo p ­
ment of the ra t fo r P arris and G riffith*  s  work. The R at in  L ab o ra to ry  
Inveetig&tipja.
The f i r s t  cleavage follow s 24 hours a f te r  o v u la tio n  w ith  e a c h  su c ­
ceeding cleavage ensuing in  approximately 24 hours# The embryo e n te r s  th e  
uterus, a fte r the relaxation  of the tu h o -u terin e  ju n c tio n , a t  80 to  106 
hours after copulation# Im plantation occurs a t  5 to  6 d ay s , accom panied by 
decidual reaction. Germ layer d if fe re n tia tio n  occurs 8 to  9 days a f t e r  
copulation.
Nicholas has staged the r a t  embryo by d e s ig n a tin g  th e  u n c le a v e d
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fertilised egg as Stage 1; the two bias tome res as Stage 2; morula as Stage 
6* Stage S designates the embryo at the time of its possessing an inner 
cell mass, proximal entoderm and trophectoderm* The "egg cylinder" is 
Stage 11; the formation of the first pair of somites. Stage 16. At Stage 
28 the embryo has, in Nicholas' schema, 18 pairs of somites* The fore limb 
appears at about the time of the appearance of the 20th somite pair, at 
Stage 29* To the writer's knowledge no such staging of mammalian embryonal 
material has been attempted by any other investigator than Nicholas.
Nicholas mentions that the head process in the rat embryo is rudi­
mentary* His description of the embryo's rotation is explicit (page 63)*
As the embryo develops, it rotates through 180°, assuming what is considered 
to be its normal orientation through the action of a series of complex fac­
tors, i*e*, growth, distention of the left vitelline vessels, and estab­
lishment of placental connection* later in development the orientation a- 
gain changes and during the eleventh, twelfth and thirteenth days the rat 
embryo lies upon its right side, i*e*, the right side of the embryo is to­
ward the placenta, the left toward the antimesometrial portion of the 
membranes*
The normal embryology of the hamster
The literature on the embryology of the hamster, as far as is known, 
begins with Ooh's patter in 1908 on the uterine development of the hamster up 
to the time of formation of the heart* Deansley (1956) worked on the re­
productive cycle* Graves (1945), Boyer (1948, 1953)» Ward (1948), Venable 
(1946), Strauss (1956), Foote and Foote (1954), Hamilton and Samuels (1956)# 
have studied the time and place of fertilization, implantation, formation of 
the extraembryonic cavities and the development of the embryo after
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implantation*
Kent and Smith (1945), Kent and Mixner (1943) and Ward (1946) have 
concerned themselves with the estrous cycle of the hamster and the use of 
vaginal smears in mating* Hamm and Swartz (1955), Klapper (1950) and Ortiz 
(1943) have studied the development of certain primordia intensively* Beatty 
and Hillemann (1930) have done a comprehensive study of ossification and os­
sification centers in the prenatal and postpart&l embryo* Adams and 
H -m eaann (1930) have worked on the morphogenesis of the placenta of the 
hamster*
Purdy and Hillemann (1950a, 1930b, 1950c, 1950d) have published a 
series of short papers on volume changes in the fetus, prenatal mortality, 
change in weight of placental tissue, and on prenatal growth*
No work has been found in which the author attempts to assign arbi­
trary stages to the hamster's development as Nicholas has done for the rat*
It is of interest to note that while the hamster was first described 
by Waterhouse in 1839, no work was done on its embryology until over 60 
years had passed (Ochs, 1908)* Again a long hiatus followed related no 
doubt to the fact that the hamster was not introduced into Britain and the 
United States as an experimental animal until the early 1930's*
Ward (l94S) states that it is impossible to determine developmental 
age more than approximately* She says, • . estrus extends from the eve­
ning of day 1 into the morning of day 2 of the 4-day estrous cycle, and ovu­
lation, as observed in a group of 8 animals typically occurs at approxi­
mately 1 A.M. of day 2*" In this connection it is of interest to cite the 
comment of Nicholas (1949) who found it difficult to understand how some 
investigators on the rat could time development to within one-half hour*
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Ward found that typically two cleavage divisions take place in the oviducts; 
no 8 celled stages were found by her. She observed that the third cleavage 
usually occurred in the uterus and that the preparatory stages in the uterus 
were quite pronounced. The earliest embryo which she found to contain a 
cavity consisted of 12 blastoneres. She observed that the inner cell mass 
decreased in size with the gradual increase in the size of the cavity of the 
blastocyst* In a blastocyst of 56 cells she observed no enlargement of the 
trophoblastic cells at the abembryonic pole ("Geaenuol"). She found implan­
tation to occur at 4 days and 8 hours with the abembryonic pole in contact 
with the uterine epithelium* She found that only a small amount of entoderm 
was present at this stage* The attachment of the blastocyst to the uterine 
epithelium was quite loose* Yard found also that the antimesometrial groove 
in the endometrium in which the implanting embryo is contained is well de­
limited from the rest of the uterine lumen, a relationship which she found 
to be a constant feature. Samuel and Hamilton (1942) using the tubal 
stripping method originally used by Cruikshank (1797) found that two celled 
eggs Hare easily obtainable by killing the animal on the morning of the first 
day after sperms are found in the vaginal smear. * They obtained 4 cell 
stages about 24 hours later. The eggs were found in the distal third of 
the tube, at the tubo-uterine isthmus or occasionally in the uterine horn* 
Their measurements of the vitellus, the inside zonal diameter, and the out­
side zonal diameter were 94, 94 and 114 microns respectively in the unfer­
tilized ovum* After fertilization they found that the diameter of the egg 
shrank to 71*4 microns while the internal zonal diameter remained constant 
at 94 microns and the outside diameter of the zona increased to 118 microns* 
As cleavage proceeded they found that the perivitelline space increased
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more rapidly in proportion than did the mass of bias tome res.
Kent and Mixner (1945) used the vaginal smear technique in mating 
hamsters and reported that 49 pregnancies were secured from a total of 98 
matings. Kent and Smith (1945) reported the average duration of the estrous 
oycle as studied in 12 animals which were examined during the course of 184 
complete cycles as 5.9 days* They observed the duration of the period of 
estrus (Stage II of Ward, 1946) to be 27*4 hours.
Graves (1945) gives the time of ovulation of the hamster as approxi­
mately 2 A*M. on the morning of the second day of the 4 day estrus cycle.
Ward (1948) gives the time of ovulation at about 1 A.M* of day 2. Austin 
(1955) has shown that the hamster's tine of ovulation may be experimentally 
altered by reverse lighting. Be was able to change the time of ovulation to 
early evening. Austin gives the time of the first cleavage division as 7 P.M. 
on the first day of development and observed that the time between ovulation 
and the first oleavage was about 18 hours, that is, 24 hours after copu­
lation* His measurements of the egg and zona were in agreement with those 
of Samuel and Hamilton (1942)* He reported the mean diameter of the unpene­
trated egg to be 73*2 microns, and of the penetrated egg, 80*9 microns* The 
9# shrinkage which he reports the hamster egg to undergo after sperm pene­
tration is, he says, a little lower than for rat eggs* Austin (1955) re­
ported that the perivitelline snace of the hamster is quite large even be­
fore spermatozoan penetration. He stated that the space increases progres­
sively accompanied by a decrease in the volume of the cytoplasm and an in­
crease in the size of the zona* His measurements of the volume of the 
blastomeres of the 2 cell stage gave a volume of about 153,000 cubic microns 
(a decrease of about 18$ from the volume of the 1 cell stage during
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fertilisation)* Venable (1946b) found that the early blastocyst had a 
volume of 86,250 cubic microns.
Austin (1955) noted that the primary polocyte persists in the ham­
ster in great contrast to the condition in the rat* In this respect he 
considers the rabbit closer to the hamster than is the rat* Austin did not 
observe a large size difference between the male and female pronuclei* He 
did note, however, that the relationship to the secondary polocyte suggested 
"That the smaller pronucleus was the female, when a distinct size difference 
existed*" Out of the 519 hamster eggs penetrated by spermatozoa, he ob­
served 5 polyspermic (dispermic) eggs, with an approximately triploid number 
of chromosomes present* He mentions that triploidy also exists in the rat 
and mouse* The rapid reaction of the zona is, he feels, the chief defense 
mechanism of the hamster egg against polyspermy* He saw no evidence of a 
“fertilization membrane" as described by Graves (1945) and Venable (1946a) 
from their observations on fixed eggs* Austin found that solutions with a 
pH of around 3*0 would dissolve the zona, whereas a pH greater than 4*3 to 
5*0 was required for the dissolution of the zona of the rat egg* The zona 
of the penetrated egg was found to be more resistant to dissolution than 
that of the unpenetrated egg*
The assignment of age to the hamster embryo has been done with the 
aid of several criteria* Ward (1948) sums up the whole problem rather well* 
On page 232 she stated:
For any 1 specimen there are 3 possible criteria for designation of
age:
1* "Copulation age" —  the number of hours from the time of copu­
lation to the time of fixation*
2* "Ovulation age" —  the number of hours from the postulated time 
of ovulation to the time of fixation*
3* "developmental age" —  the number of hours from the postulated 
earliest possible time of fertilization (no allowance being made for the
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time required for the sperm to reaoh the egg) to the time of fixation*
Strauss (1956) used the developmental age of the fertilized ovum, 
as defined by Ward, above* He found this criterion more realistic than the 
ovulation and copulation times used by most authors (Graves, 1945; Venable, 
1946a; Boyer, 1953), but made a slight modification of Ward's criterion based 
on his own observation* He defines developmental age as the "time span from 
the earliest possible fertilization tine of an egg until its immersion in 
fixative *w He apparently took into consideration the time required for 
sperm to reach the egg* It was his impression that not all eggs ovulated 
will be fertilized* Strauss also found that the earliest age at which fer­
tilization will occur is at an ovulation age of 2 hours, while the ability 
to be fertilized decreases rapidly after an ovulation age of about 10 hours* 
He concludes that the optimal time for fertilization to occur is the time 
at which the egg was observed to be in the oviduct in the mid and caudal 
third of the ampulla* Shis is the site, he feels, where union of soerm and 
egg occurs in the hamster* It was his observation that morning matings did 
not shift the site of fertilization* He feels that fertilization in both 
hamster and mouse takes place "in essentially identical sections, the 
ampulla*"
Implantation, establishment of the egg 
cylinder, and formation of the 
placentae
Ward (1943) describes the early egg cylinder (4 days, 21 hours) as 
being differentiable into "two portions•" These she describes as follows: 
"(i) an antime some trial mass of more radially arranged cells, the precursors 
of the ectoderm of the embryo and of the amnion, and (2) a mesometrial por­
tion, usually termed 'extra embryonic ectoderm' •" In a footnote she calls
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attention to the fact that in the strictest sense the trophoblastic cells 
are extraembryonic ectoderm* For clarity she used the term extraembryonic 
in referring to the extraembryonic ectoderm of the egg cylinder* Ward 
(1948) could find no sharp boundary between the cells of the egg cylinder 
proper and the ectoplacental cone* She considers that the primary giant 
cells are actively concerned with phagocytosis of the endometrial and de­
cidual cells; the secondary, which possessed single nuclei, and very vacuo­
lated cytoplasm and which she thought came from the vacuolated cells of the 
ectoplacental cone, she observed to have ingested erythrocytes and particles 
of pigment*
Ward (1948) did not observe any preformed implantation sites* She 
suggests that the even spacing of embryos is a result of the expression of 
a physiologioal gradient, the net effect of which is to preclude the blasto­
cysts' implanting too close together* In a later work (Qrsini, 1934) she 
concluded that the giant cells of the hamster trophoblast, primary, secon­
dary, and tertiary, all come from the trophoblast, the only difference be­
tween the three types being in their developmental fates* She concludes 
that their function is still quite obscure and that they are phagocytic and 
aid in implantation and enlargement of the decidual cavity*
Foote and Foote (l954)» using the criterion of ovulation a*e, state 
that the beginning of implantation ooours at 4 to 4 2/3 days* At 4 2/3 days 
they observed the egg cylinder to consist of (l) embryonic ectoderm, (2) the 
inner cell mass and (3) proximal entoderm* They considered the phenomenon 
of inversion to have its earliest beginnings at about 3 days with the move­
ment of the egg cylinder into the blastocoel* This movement of the egg 
cylinder, accomplished by what has been termed embolic invagination, results
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i n  th e  f a m i l i a r  ro d en t phenomenon of the inversion of the germ layers. At 
th e  tim e  o f i t s  occurrence in  the hamster the egg cylinder is  ovoid in 
s h a n e .
F oo te and Foote (1954) timed the appearance of Reichert* s membrane 
a t  a b o u t 5^ d ay s . They observed th a t  by the six th  day the ectoplaoental 
c a v i ty  h as  been developed and i s  "continuous with the amniotic c a v ity / and 
t h a t  th e  y o lk -sa c  p lacen ta  has been estab lished . The mesoderm, chorio- 
a m n io tic  f o ld s  and extraem bryonic coelom develop during the seventh day, ac­
c o rd in g  to  th e se  authors*  Foote and Foote (1954) give the time of fusion 
o f  th e  am n io tic  fo ld s  as 7 l /6  days post col tun. This fusion divides the 
egg  c y l in d e r  in to  th re e  main d iv is io n s , the amniotic cavity, the extraembryo­
n i c  coelom , and th e  ec to p lao en ta l cav ity .
Adams and Hillemann (1950) have studied the morphogenesis of the 
v i t e l l i n e  and a l l a n to ic  p lacen tae  of the hamster. They constructed a table 
(page  374) which i s  a summary of the morphogenesis of both v ite lline  and al­
l a n t o i c  p la c e n ta e .  They s ta te  th a t both p a rie ta l and visceral yolk sacs are 
form ed by th e  e ig h th  day and th a t  the maternal blood in  the lacunae bathes 
b o th  th e  ec toderm al and p la c e n ta l cone c e l ls .  Vascularization of the vi­
s c e r a l  l a y e r  o f  th e  yo lk  sac was seen a t  9 days. During the ninth day the 
a l l a n t o i s  makes c o n ta c t w ith  somatic mesoderm, "which in  turn lie s  against 
th e  lam in ae  a t  th e  base o f  the p lacen ta l cone ectoderm# * The blood vessels 
o f  th e  a l l a n t o i s  ex tend out in to  these laminae thus establishing a hemo­
c h o r i a l  p la cen ta .  Thus the  whole allantoic complex projects finger-like 
in to  th e  an tim e some tr ia l  aspect o f the placental cone• The barriers lying 
between f e ta l  and m aternal circu la tion  a t th is time are: placental cone 
ectoderm , som atic  mesoderm, and allan to ic endothelium.
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Adams and Hillemann found that the hemochorial placenta becomes 
hemoendothelial on the twelfth day, and integral with the vitelline placenta.
It is of historic interest to note than Van Benedin (l880) applied 
the term metagastrula to the implanting mammalian blastocyst, and said that 
the rabbit embryo formed a gastrula by epibolic invagination* He further 
noted a blastopore in the animal he studied (the rabbit) which became closed 
before the blastodisc formed* However Van Benedin and Julin (1884) appear 
to have understood the important features of amnion formation, and of epi­
bolic invagination, germ layer inversion and the early formation of the 
extraembryonic membranes in the rabbit* They note that the term Trflaer 
(* carrier) or susoenseur is creditable to Kflpfer* This structure had been 
identified in the embryos of Avicola - Mus muscuius. Hue fleynupms.
Mus avlvaticus. Cavia cobava. and Talna euronaea. An interesting question 
was raised at the conclusion of a paper of Van Benedin* s which was pub­
lished posthumously (l91l) namely whether or not the bilateral symmetry of 
the embryo "is the same as that which the egg has at the beginning of seg­
mentation?tt
Later development
Purdy and Hillemann (1950a) measured the amnio tic fluid production 
and found that it began on day 9 with an average weight of 0*038 gm* per 
embryo* This value rose to a maximum of 0*405 gm* on day 15 after which it 
dropped to 0*218 gm* on day 16 (term), representing a drop to 53^ of the 
maximum value attained* They noted a marked increase in the viscosity of 
the amniotic fluid at term* These same authors (1950b) determined that the 
overall prenatal mortality in the hamster ranges from none to 77$. The
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percentage mortality for each day of gestation vas slightly lover earlier in 
gestation* They note that "the most frequently occurring litter size of 
viable embryos vas 10 and it appeared in 2Q# of 72 pregnancies studied." In 
the third paper in this series, Purdy and Hillenann (1950c) found that "the 
nutritive tissues (uterus plus fetal and maternal placenta) in the golden 
hamster begins with an average weight of 0.060 gm. per embryo on day 6 and 
by gradual increments attains a value of 0.453 gm. on day 13.n The weight 
curve after this day climbs steeply and drops precipitously at day 13 which 
they note reflects placental deterioration. In the concluding paper in this 
series (l950d) Purdy and Hillemann measured the prenatal increase in weight 
and in crown-rump length. Their findings with regard to weight vas that 
the prenatal increase in weight in the golden hamster from the ninth through 
the sixteenth day ran on the average from 0.0024 gm. to 2.032 gm. They 
measured the crown-rump length of embryos over the same period and found 
that the measurements run from an average of 4.5 mm. to 21.32 mm.
Ortiz (1945) studied the development of the gonads and accessory 
organs in the hamster from 10 days post coitum to 6 days post par turn. The 
rate of development vas found to be faster than that of mouse and rat. The 
genital ridge vas evident at about 10 days post ooitum. the testis at 11 
days 19 hours, the ovary 24 hours later. The male Mtillerian duct commenced 
to degenerate at 12 days *1 hour; the female Volffian duct, 24 hours later.
He also discussed the accessory glands and concluded that the reproductive 
tract of the golden hamster at birth is as well developed as that of the rat.
Klaoper (1950) in a study of the pharynx and ultimobranchial body of 
the hamster noted olose correspondence to the rat. Three pouches are formed; 
the ultimobranchial body is originally associated with the third pouch. He
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says that the ultimobranchial body is best thought of as "the final expres­
sion of the pouch forming potentiality of the pouch epithelium, rather than 
an abortive pouch IV." Three pouches are present at 9*5 days after insemi­
nation. The third pouch is associated with the parathyroid and thymus.
Boyer (1948) studied the development of the major circulatory channels 
in detail. He observed that no fifth aortic arch forms. The ductus venosus 
has, according to him, the same origin in the hamster as in pig and human. 
These two studies of Klapper (1950) and Boyer (1948) are the only two de­
tailed studies of certain aspects of the organogeny of the hamster of which 
the writer knows. In Boyer's work he first notes the anterior limb bud as 
a slight thickening at 8 3/4 days. In a subsequent paper Boyer (1953) worked 
out the overall chronology of development of the hamster in such a way that 
it is possible to compare the major features of each developing organ system 
with great ease. In this paper he reckoned age "from the middle of a 13- 
minute observed copulation period to the time of immersion of the living em­
bryo in Bouin's fixative."
Beatty and Hillemann (l950) have done a detailed study of prenatal 
and postpartal ossification in the hamster.
Principles of Differentiation and Organogenesis 
The science of experimental embryology is a relatively new addition 
to the disciplines of biology. Its beginnings (apart from classical attempts 
to use the heat of the sun to incubate hens' eggs) may be considered to have 
arisen in the closing decades of the nineteenth century. The general his­
torical background of experimental embryology has been discussed elsewhere.
The prime concern of experimental embryologists has been an attempt
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to discover what fundamental mechanism or mechanisms are responsible for the 
uncleaved egg's transformation to an embryo at term, with myriads of cells 
organized into tissues, organs, and organ systems, each cell fulfilling its 
role in the complex biological system of the newborn individual*
Needham (1942) in his text Biochemistry and Morphogenesis constructs 
an analogy which is quite graphic* He pictures a cone composed of tiers of 
cones* In each tier, the apices of one row touch the other in such a way 
that a ball, released to roll down the side of the uppermost cone from its 
apex, will be able to roll down the sides of any one of the cones in the 
next lower tier* Which cone it will roll down will, of course, be a matter 
of chance* The ball he likens to an embryonic cell during the course of em- 
bryogeny* Each of the cones represents in his schema a number of possible 
fates in that the ball can run down the side of each cone in any position 
around the 360° periphery of the cone* Each tier of cones represents a 
different stage or series of stages in development* It is obvious that, in 
this model, the number of possible cones down which the ball can roll is a 
function of its position in the pyramid* The apex of the cone could repre­
sent a cell of the medullary plate, for example, which is totipotent in its 
capability to form the brain and neural tube* As the ball runs down the 
series of tiers the number of possible paths it may follow become ever more 
and more restricted, until finally it reaches the stable, fully developed 
state* It is considered that organizers of different levels or hierarchy 
(primary, secondary, etc*) act at the several levels of this model*
No attempt will be made to review in any detail the monumental ac­
count of work on amphibian and chick organizers* Illustrative examples only
will be cited*
54
The classical work of the German embryologists was carried out in 
the early decades of this century on the cells of the dorsal hlastoporal lip, 
which constitute the organization center of the amphibian gastrula* These 
studies led workers for many years in the pursuit of lines of investigation 
designed to isolate and identify the so-called primary organizers* Unfor­
tunately for the development of what had been hoped was a growing unitary 
hypothesis of organizer action, many more organizers, including tissue which 
had been killed, were demonstrated to be capable of eliciting a morphogene­
tic response* Weiss (1950) reports that organizer or inductor actions are 
not "simple, single, unitary, and elemental processes*" He points out that 
active workers have long since ceased to take the meaning of the term or­
ganizer too literally and now realize its limitations* He continues that 
the term organizer was developed out of a desire to find a fundamental so­
lution of the problem of organization* Weiss considers a cell, tissue, or 
organ, "a cross section through a stream of processes proceeding in time*"
He points out a fact of fundamental importance, namely, that embryologists 
have no real knowledge of the exact mode of formation of a tube or how a 
solid cord of cells becomes broken up into smaller units* In this same 
paper Weiss discussed the development of his concept of "Molecular Ecology" 
in the light of its possible contribution to the solution of fundamental 
aspects of induction and differentiation and the writer feels that, as ex­
perimental embryology passes from a natural history phase in its development 
into a more exact analytical science, the reasonableness and applicability 
of his hypothesis will find wider and wider acceptance* Weiss considers 
that:
Each cell and organized cell part (nucleus, chromosome etc*) consists
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of • . • an array of molecular species whose densities, distribution, 
arrangements and groupings are determined by their mutual dependencies 
and interactions, as veil as by the physical conditions of the suace 
they occupy.
Thus he conceives that the modus onerandi of organizers and of in­
ductors are primarily the result of interaction between the molecular com­
ponents of the cell. He considers that the interfacial forces operative 
between certain molecular species will cause the concentration of these 
species along the border of a cell. The arrangement of these molecules on 
the borders of a cell will, he feels, determine "the further behavior of the 
enclosed system.n This is attributable to the fact that there will exist 
cohesive forces between these molecular groupings and that their presence 
will exert considerable influence upon what materials are allowed to pass in 
either direction. Thus he developed the concept of chemical affinities of a 
very hisrh order of selectivity taking place in the main at the surface of a 
cell, as being the oausational factors operative in morphogenesis. He savs 
that: "These may be based on the steric interlocking of characteristically 
shaped end groups of the surface molecules of adjacent systems."
There has been a good reception of his concept as outlined above, 
within the community of experimental embryologists. He notes that the exact 
effect of chemical agents on morphogenesis is not known although certain ef­
fects upon the structure of protoplasm have been noted. Weiss defines dif­
ferentiation as "tbs appearance of intrinsic and irreversible differentials 
among oell strains"; and this, he emphasises, is to be clearly recognized as 
being quite different from the condition implied in the use of the texm 
"modulation", which according to him, implies a reversible state into which 
a cell mav go in response to a series of conditions in the environment.
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Weiss originated the tern modulation in an earlier paper (1939).
He diagrammatioally presents the differentiation of cell types from 
common ancestral forms and the division of these into further subdivisions* 
Modulation of cells may occur during transitional and terminal stages without 
the cells losing "■their type specificity*" Weiss poses a fundamental ques­
tion; that is, what part of the cell or what portion of its molecular popu­
lation undergoes transformation in the irreversible changes which charcterize 
differentiation of embryonal cells? He feels that there is a need for cri­
teria which are more useful than the merely morphological ones used until 
this time. Weiss develops the concept of the "Affinitive Relations" of 
cells which he calls "coaptation*N This concept is based upon the compati­
bility or incompatibility of certain cells* Certain cells at certain stages 
in ontogeny may be capable of an harmonious relationship with other cells 
adjacent to them but subsequently lose their affinity as a result of the 
operation of several factors, such as changes in their lateral associations, 
in the cells themselves, or in the surrounding medium* As a result of these 
changed affinities, cells may or may not be able to continue their original 
associations, and cellular movements may result. He tentatively suggests 
that the specific "recognition" may consist of the formation along the cell 
surfaces of specific stereochemical bonds between matching macromolecules 
in adjacent cells which are comparable to the interlocking of antibody-antigen 
systems (Weiss, 1941, 1947)*
Thus Weiss comes to the crux of his discussion with regard to con­
tact reactions* His illustration of the operation of such a reaction is 
noteworthy* Two diagrammatic cells are shown, each one with the same col­
lection of molecular species, each species being represented by a certain
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symbol* As ontogeny proceeds different molecular populations sort out in 
each of the two cells pictured* This sorting out, as illustrated in his 
diagrammatic model, is quite precise, the arrangement of the species being 
a function of their configuration* Thus, whether or not a given molecular 
population as illustrated has a triangular or round end will determine its 
linkage with a member of another molecular species or with materials in 
contact with the exterior of the cell* This diagram he submits as illus­
trative of induction, that is, the action of one specific tissue on another* 
This hypothesis of Weiss', as illustrated in his schema, would preclude 
close juxtaposition of the two main components of an inductor system* Ex­
perimental evidence (some of which will be cited elsewhere) would seem to 
support this concept*
Voerdeman (1955) developed the concept of Weiss, outlined above, one 
step further and thinks that protein molecules may be incorporated into the 
cells of the reaoting system* These, be thought, may function as templates 
and impress a spatial configuration upon the molecules of the cells, coming 
into diyeot physical contact with them* Thus a model is developed which in 
its own time turns out "more of the incorporated molecules (conceptions of 
Haurowitz et *1 (1930, Alexander (1932), Mudd (1932), Pauling (1940) and 
Weiss (1947))•"
An alternative hypothesis to inductor function, Woerderman feels, is 
the operation of a mechanism similar to that seen in the formation of adap­
tive enzymes in bacteria* These enzymes capable of duplicating themselves 
could, he feels, "account for the response to the incorporation of a protein 
molecule in a oell at the site of synthesis of an antibody*"
Brown, Hamburger and Schmitt (l94l) applied elegantly-conceived
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physical methods to the changing densities in amphibian embryos in an attempt 
to elucidate the mechanism of action of the organizer and concluded that the 
basic processes in neural tube formation are attributable to interfacial phe­
nomena related to interaction between the molecules in the surfaces of ad­
joining cells* They felt evocation is the result of properties which are an 
intrinsic part of the cells of the reacting system after the primary induc­
tions had taken place*
Application of eioerlawatal techniques
to ■»— H.« nbrvoMl Material
Review of the literature has shown a relative paucity of paper on 
experimental embryo genesis in mammals* Von Recklinghausen (1883) had used 
the kidney capsule as an experimental site for the study of extr&uterine 
growth in mammals* He ape (1890) had been successful in the transuterine 
transplantation of ova* The first successful attempt to culture mammalian 
eggs outside the uterus wma done by Br&ohet in 1912 and 1913; and in 1914 
Murphy studied the fate of tissue explan ted to the chick embryo*
Nioholas (1942) mentions that it is remarkable that Von Recklinghausen’s 
technique remained forgotten for so many years, considering the usefulness 
of the site he used* Brachet concluded from his vitro work of 1913 that 
the intrauterine environment is not essential for the growth and differen­
tiation of the blastocyst* It was his feeling that the environment of the 
blastocysts is not an essential ontogenetic factor, but that its main value 
is physiological* He felt that one could search in vain among mammals for a 
direct causative effect of the uterine environment on embryonic formation*
He feels further that the mammalian egg, during the time of its segmentation, 
possesses a bilateral symmetry which it retains until the eight-blastomere
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stage* Another important early study of in vitro mammalian development vas 
that of Maximov (1925)* In this work Maximov proposed the use of the term 
"organotypic" to distinguish the regulative £&  vitro growth he obtained from 
growth characterized by mere differentiation of cell types* This latter 
growth he termed "histiotypic".
In 1925 Nicholas published the first of his many papers on the ex- 
perimental methods he had developed for work with the embryo of the rat* In 
1933 he concluded that the rat fetus could be operated upon during the last 
third of the period of gestation without interrupting the gestational pro­
cesses* He found that the stumps of limb buds which he had removed from 
these fetuses would not regenerate , although interference with the vascular 
supply of the limb did retard its growth but without interfering with its 
differentiation* He found the optic cup to be a much better experimental 
subject than the limb bud* When placed in a subcutaneous pocket, the eye 
completed its organization and differentiation with the net effect of its ex­
perimental transplantation being a reduction in size* Transplantation of 
either eggs which were in the process of segmenting or of blastocysts led to 
negative results* Ge vas able to duplicate Heaps*s (1890) technique of 
crossuterine transplantation* Transplantation of nine and ten day fetuses 
to a pocket constructed on the oaecum resulted in the production of normal 
fetuses* Of all the superficial sites he tested, only the mammary gland was 
capable of supporting either an entire embryo or a graft* He reported that 
the endocrine secretion of the female did not interfere with the development 
of the graft* The regenerating grafts he obtained were disorganized and this 
disorganization vas due, he felt, to "an excessive stimulation of prolifera­
tive capacity in each of the germ layers at successive intervals in
40
development as veil as to altered mechanical conditions.tt
Goss (1935) demonstrated the capacity for self differentiation in the 
mammalian heart by mechanical interference with the mid-line fusion of the 
cardiac primordia. Amorphous dumps of oardiac muscle cells which retained 
their capacity for contractility were obtained by means of the plasma culture 
technique.
The chorioallantois of the chick was used as an experimental site 
for mammalian tissue by Nicholas and Rudnick in 1933* They found that they 
could obtain better results vith their rat embryos when the embryonal ma­
terial vas transferred without its membranes. Total embryos were not formed. 
The degree of differentiation of the material was related to the a£e of the 
material at the time it vas transplanted. They obtained good results up to 
the time of the appearance of the definitive primordia of the eye, ear, and 
limb bud. If transplantation vas effected at this time a slow degenerative 
change ensued. Somital and lateral plate mesoderm tended to dedifferentiate 
to mesenchyme in all parts of the graft. The causes for such graft degenera­
tion were felt by these authors to be the internal mechanics of the host 
coupled with the pressure exerted by overproliferating erythrocytes.
Hiraiva (1927) had previously shown in earlier work on the rat embryo 
in chorioallantoic grafts a very low percentage of success. He had good re­
sults however, with grafts of hair and epidermis. Of the sense organs, only 
the nose grew; no eyes, ears or organised neural tube were found. Epithe­
lial growth suggestive of brain, gut and mesonephros were obtained. Of all 
the tissues he transplanted, cartilage and bone were most successful and 
shoved, he felt, the greatest capability for independent differentiation. 
Hiraiva considered that the very foreignness of the host was a very important
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factor in the large percentage of failures, to say nothing of the inherent 
difficulty in transplanting the mammalian embryo. Recently Swartz (1951) 
transplanted the netanephric tissue of the hamster to the chick chorioallan­
tois* He transplanted the tissue at 12, 14 and 16 days post colturn and found 
that most of the elements of the metanephric kidney were able to differen­
tiate in this site* He noted a mobilization of granulocytes in the region 
of the graft but did not feel that it was a "species specific" reaction*
Of the studies reviewed which involved the use of the chick chorio­
allantois in the investigation of mammalian embryogenesis, only that of Toro 
(1938) attempted to elucidate problems of induction* He was able to induce 
a secondary medullary anlage in a host embryo by grafting donor medullary ma­
terial using a technique similar to that of Speaann and others. These workers 
attempted, incidentally, the induction of a secondary morphogenetic axis in a 
host embryo by introducing foreign donor tissue* Differences in axes of the 
material used by Toro and others brought about differences in results which 
he attributed to phenomena associated with gastrulation in the amphibian ma­
terial of the other workers as compared with his own mammalian material* Out 
of 301 operations performed only 25 oases of a secondary neural groove induc­
tion were obtained* He also considered that the size of the implants was of 
importance*
Waterman (1933) compared the tissue culture and graft techniques 
first developed for mammalian material by Brachet (1913) and Nicholas (1925)* 
He observed that the age of the embryo apparently conditions the type and 
degree of subsequent development* He showed that the omental bursa is a use­
ful experimental extrauterine site but that pregnant and non-pregnant uteri 
were not successful* He felt that the tissue culture technique offered
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certain advantages for the development of the material he used, i.e,, young 
rabbit blastocysts.
The chick embryo was used by Waddington (1936) for the one case of 
rabbit-to-chick induction which he reported* He reported the induction of a 
small but definite neural plate in the host chick by the anterior part of the 
embryonic axis of a two somite rabbit embryo* On this evidence he postulated 
the existence of an organization center in the ectoderm of the rabbit embryo 
at the primitive streak stage*
Gluecksohnp-Schoenheimer (l94l)» using the intraembryonio chick 
coelom technique originally developed by Hamburgur (1953), transplanted pri­
mitive streak stages of the mouse and showed typical development in a period 
of 46 hours, although reduction in size was noted* A demonstration of the 
independence of genotypic development from the effects of explantation even 
if the explantation was made before the appearance of morphological differ­
ences was demonstrated by Gluecksohn^Schoenhaimer (1944) using Hamburgur* s 
intracoelomic transplantation technique*
The rat embryo of egg cylinder and head fold stage was grown in 
plasma culture by Nicholas and Rudnick (1938). They found that if explanta­
tion was made before mesoderm formed, an initial inflating and thinning out 
of the walls of the cylinder was seen* Subsequently regeneration took place 
but no differentiation was observed in most of the embryos explanted at this 
age* They did obtain a few positive results with the formation of an embryo­
nic axis with its associated structures* Explants were obtained whose cir­
culatory systems functioned temporarily* Replacement of the tissue culture 
medium slowed down regeneration, but it did not materially aid in extending 
the duration of in vitro growth* The authors concluded that Reichart* s
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membrane presented a barrier to the free interchange of materials between the 
tissue culture medium and the embryo* Secondly, it was felt that the embryo­
nic axis in the rat is determined with regard to its spatial organisation at 
the time of the formation of the mesoderm*
In subsequent work in 1942 Nicholas obtained good results using the 
kidney capsule as an experimental site* Eggs transplanted to this site grew 
and differentiated and he found that the age or sex of the host had no ap­
parent effect* A variety of tissues (muscle, bone, nervous tissue and gut) 
accelerated in the rapidity of their growth* He obtained persistence up to 
54 days with no invasion of the graft by kidney tissue*
In a review of experimental approaches to problems of rat development 
Nicholas (1947) observed, H« • • that while histogenesis and organogenesis 
were fairly constant, complete morphogenesis occurs in only a small propor­
tion of the oases, namely, those transplanted into the body cavity upon a 
mesentery and into a pocket adjacent to the caecum." He stated that the 
work of Holmdahl (1942) indicates that the presence of an organization cen­
ter of mammals is established much earlier than in other forms* He stressed 
the fact that there was a lack of organization in the grafts he obtained from 
the many sites he tried* His work has shown that groups of eggs transplan­
ted to the kidney capsule fuse, then undergo disorganized development*
The use of the anterior chamber of the eye of the mouse wan an ex­
perimental site explored by Fawcett and Vislooki (1947), by Grobstein (1949), 
Torrey (1950), Urist and McLean (1952) and Shapiro (1957)* Fawcett and 
Vislooki (1947) found new growth of blood vessels at the site of the graft, 
some growth of trophoblastic giant cells, but only a limited development of 
ova* The age or sex of the host seemed not to be of importance* Grobstein
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(1949), using the intraocular technique, studied the behavior of components of 
the early embryo of the mouses Torrey (1950) was able to study the differen­
tiation of the gonads of the rat when transplanted to the eye* He found, 
however, that while the site was favorable to testicular development, it was 
deleterious to ovarian tissues* Urist and McLean (1952) observed the induc­
tion of bone in transplants to the eye, Shapiro has recently (1957) trans­
ferred 53 ova to the anterior chamber and got 5 to grow successfully. Of 
the 19 transplants which he made into the vitreous body, no growth was seen*
He was able to identify bone, cartilage, hair, kidney and fat*
Fawcett (1950) used the kidney capsule site and noted no effect of 
age, sex, or physiological conditions upon the growth of the explant* He did 
not find much organization in his grafts but found trophoblast tissues, giant 
cells and maternal blood. The grafts were enclosed in Reichert*s membrane 
and in two layers which he considered as being reminiscent of the parietal 
and visceral layers of the yolk sac* The grafts persisted for 12 to 14 days. 
This period of time, Fawcett pointed out, corresponds to the growth period 
of the fetal placenta in a normal intrauterine gestation*
Willis (1936) and Crouse (1956) transplanted mammalian embryonal ma­
terial from mouse and rat into the intercerebral spaces of the rat*s brain*
The former was able to obtain from small quantities of minced embryonic tis­
sue large growths of bone and cartilage, epidermal and mucosal cysts, sali­
vary and other glands, among other tissues* Growth and differentiation of 
the embryonal tissue in this experimental site approximated the growth of 
the same tissue in an intact animal*
Inductor systems in awmn*i«
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in entire line of investigation has been undertaken by Grobstein and 
his coworkers at the National Institutes of Health, designed to elucidate 
problems of inductor action in mammalian embryonal tissue* The plasma clot 
interface has been used* In an earlier study Grobstein (1952) studied the 
effect of fragmentation on embryonic shields which had been subsequently 
cultured after injury, and found that the reduction of growth and differen­
tiation roughly corresponded to the degree of fragmentation* If the frag­
mentation was done at the stage of the medullary plate, nervous tissue and 
specialised mesenchymal derivatives still developed* He did get some sim­
plification however and postulated that disruption at the cellular level was 
effected and that it is at this level where determination goes forward* In 
1950 be had worked with the mouse egg cylinder in vitro and obtained nega­
tive results with the shields from embryos of less than 1.0 mm. The reason 
for this he attributed to a failure of the primary inductors to operate as 
a result of the disruption of the "normal organization of the shield and 
the necessary inductive interrelationships among its constituent cells•" 
When he worked with shields greater than 1*0 mm* in length he obtained good 
results* Cartilage and bone formation was marked* In vitro study of in­
duction of cartilage was reported by Grobstein and Parker (1954) and 
Grobstein and Holtzer (l955)« In the earlier work (1954) it was reported 
that if somite mesoderm alone was used from a mouse embryo of fewer than 25 
pairs of somites it failed to develop into cartilage either in plasma clot 
culture or in the anterior chamber of the eye* The spinal cord was demon­
strated to have an inductive capacity for when it was combined with somite 
mesoderm, cartilaginous nodules were produced* In addition, hematopoietic,
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adipose and lymphoidal tissues were produced,
In their later paper (1955) Grobstein and Holtzer reported the re­
sults of a study of inductive interrelationships which previous investiga­
tors thought existed between neural tube and somite mesoderm* They were 
able to demonstrate that a cartilage-promoting influence is apparently ex­
erted by the neural tube* A question which they posed to themselves was 
whether differences existed in the cartilage-promoting activity of the var­
ious regions of the neural tube* They concluded that the cartilage- 
promoting activity of the neural tube is concentrated in the ventral half* 
Further work showed that there was a dependent relationship between age and 
the cartilage-promoting action of the ventral half of the neural tube* That 
is, the older the embryos, the weaker was the cartilage-inducing capacity of 
the ventral half of the neural tube* This waning of activity occurred be­
tween days 11 and 1? of development with disappearance by day 15 or 16* No 
correlation was found to exist between mitotic indices and inductive capacity* 
These authors felt that the inductive effect was not correlated with simple 
differentiation* In this same work Grobstein and Holtzer also observed 
that the autoregulative capacity of somites in in vitro conditions is de­
pendent on their age at the time of explantation, older somites having much 
greater autoregulative capacity* They conclude: HIn summary, though the
data suggest that some small area of contact between the mesodermal sheet 
and the neural tissue may be necessaxy for the induction to proceed, it 
seems clear that the cells forming cartilage need not themselves have been 
in actual contact with the neural tissue."
The mesonephrogenic mesenchyme and the ureteric bud came to the at­
tention of Grobstein and his colleagues as possibly being the two components
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of a mutually interdependent inductor system* In recent work Grobstein 
(l953» 1955) and Grobstein and Dalton (1957) have studied this inductor 
system in the mouse* Grobstein (1955) showed that a mutual interdependency 
of metanephrogenic mesenchyme and epithelial components was demonstrable in 
the rudiment of the metanephric kidney in the 11 day mouse embryo in vitro* 
Earlier work by Grobstein (1953) had shown that the nephrogenic cord was 
less specific in its inductive requirements* He found that embryonic sub­
mandibular salivary epithelium and nervous tissue would induce the forma­
tion of metanephric tubules* A variety of other tissues gave negative re­
sults with regard to this tubule-promo ting activity* The spinal cord of the 
96 hour chick was shown to have an inductive capacity which showed a 
"dorsal-ventral differential similar to that of the mouse," In recent work 
in which the electron microscope was used to study the effect of inter­
posing membrane filters between embryonic dorsal spinal cord and metanephro- 
genic mesenchyme during inductive interactions, Grobstein and Dalton (1957) 
have shown that since the inductive capacity passed the graded series of 
filters used, although it was reduced in amount with the smaller filters, 
the induction of the system studied was not dependent upon the reactive 
elements* They postulate that inductive capacity may be resident in ma­
terials which are at least potentially extra-cytoplasmic*
Vatterson, Fowler and Fowler (1954) obtained evidence for induction 
of the vertebrae by the spinal cord in the chick* Avery, et $1. (1956) 
have shown that a similar spinal-cord-vertebral-column inductor system is 
operative in urodeles* A defect in the cord could be related to an abnor­
mality in the cartilages which were induced* In addition their work showed 
that "the cord is largely responsible for the contours which the cartilages
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assume*” Watterson, et ad* (1954) showed that somital age was related to 
the ability of somites to form cartilage. The myotomes and dermatomes 
showed pleuripotency* The notochord was not found to be necessary* Epen­
dymal as well as marginal regions of the neural tube were shown to have a 
cartilage-promoting influence*
Recently McKeehan (l95l) has presented evidence that close adherence 
seems to be necessary between the optic vesicle and prospective lens in the 
chick* He noted marked cytological changes in the ectoderm which was ad­
herent to the prospective lens* The changes were characterized by • . a 
loss of vacuolization in the cytoplasm, palisading of cells, marked reorien­
tation of nuclei with respect to the contact surface, and a two-fold increase 
in cell number*" A reorientation of cell nuclei was observed* This nuclear 
movement preceded the elongation of cells* McKeehan postulated that the e- 
longation was effected by intracellular forces operating at right angles to 
the contact surface*
It would seem that McKeehan*s work lends cytological support for 
Weiss* hypothesis of 1950 that intimate contact between tissues is essen­
tial to inductor action* Weiss (1950) felt that there is one common de­
nominator in the inductive effect, "namely, the formation of linkage be­
tween matching molecules across the contiguous cell surface♦** Weiss* con­
cept has been further supported by the work of Hoi tf re ter (1947) who showed 
that sublethal cytolysis of neural ectoderm was apparently an essential 
condition for its neurilization. Holtfreter felt that differences in the 
permeability of the cell membrane have an influence on the course of dif­
ferentiation* He found that calcium lack, low osmotic pressure and alcohol 
were effective in shifting the differentiation of ectoderm in the direction
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of nervous ectoderm* It would seem that the inferences Hoi tfre ter drew from 
his work with regard to the explanation of induction occurring in the absence 
of organizer and the concept of inductor action postulated by Weiss (1950) 
are in conformance* Weiss feels that surface relations and the affinitive 
relations of a cell are of impprtance* Holtfreter felt that changes in cell 
permeability went a long way towards explaining neural induction in his ex­
plants* Barth (l94l) furnished more evidence in support of Weiss in his 
work which demonstrated the capacity for neurilization of the gastrula ec­
toderm of Amblyatoma nunetatum in the absence of organizers.
Limb Bud Ontogeny
Balfour (1878) discovered that the elasmobranch fin was composite in 
nature* Nicholas (1955) mentioned that Balfour* s early work raised ques­
tions about the possible interactions between the somites and the developing 
limb and their possible interdependency* Later work showed these two 
structures to be independent* Nicholas (1955) traced the multitude of in­
vestigations on the amphibian limb which have for many years occupied so 
many investigators in this country and abroad. The writer has made no at- 
temp to review the literature of the experimental work on the amphibian 
limb bud except for some of its outstanding examples (notably that of 
Harrison, 1918)* The regeneration blastema formed in the stump of the am­
putated amphibian limb will be dealt with only cursorily.
Amphibia
Nicholas (1955) noted that limb material in the anuran can be located 
long before any limb areas as such can be recognized. He states: "The
limb disc at the usual operating stage is localized as a thickening of the
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somatopleure centered ventral to the fourth myotome and extending ventral to 
the third and fifth myotome* The area involved is usually described as a 
circular area three and one half somites in diameter (Harrison, '17, '18)*H 
No fold of ectodexm is -visible in the developing amphibian limb. 
Nicholas (1955) described it as a cylindrical outgrowth with a rounded tip*
A great deal of fundamental work on the amphibian limb bud has been done by 
Harrison and his students* In his classical paper of 1918 Harrison reviewed 
the complex nature of the limb bud and discussed it mainly as a thickening 
of the somatopleure covered with thickened ectodexm* He desired to analyze 
the factors responsible for determining the differentiation of the limb bud, 
along with its ectodermal and mesodermal components* Earlier work had shown 
the limb bud to be a self differentiating system* Harrison attempted to 
support this view of the developmental pattern of amphibian limbs as follows: 
"In interpreting defect experiments there is always a serious source of 
error in the occurrence of processes of regeneration or regulation, whereby 
elements which do not normally give rise to the part which has been removed 
do so vicariously under the changed conditions*w In the stages upon which 
Harrison worked at that time (1918) the limb was not present as a distinct 
bud* The area used was the region centering in the fourth segment just 
ventral to the pronephros*
Harrison studied regeneration of the limb bud as related to age, the 
effect of transfer of mesoderm alone, of the removal of ectoderm and of 
splitting the limb bud* In addition portions of the limb bud were removed, 
and other limb buds were superimposed* He concluded that the tissue in the 
embryo which is composed of presumptive limb bud material is, as mentioned 
above, a self differentiating system* He stated in his conclusions (page 
456), that the limb bud formed as a somatopleural proliferation under the
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influence of no specific morphogenetic influence from the ectoderm.
In this earlier work Harrison (1916) considered the limb bud as a 
"center of differentiation in which the intensity of the precess gradually 
diminishes as the distance from the center increases until it passes away 
into an indifferent region." He did not feel that any developmental 
mosaic existed in the fore limb of AmblvBtoma with the exception of parts 
of the pectoral girdle. He found that "a whole will develop out of a part, 
and a single normal whole will develop out of two separate rudiments when 
fused together."
Nicholas (1955) in his review noted that experimented inversion of 
the disc produces changes in possible fates of almost all the cells of the 
bud. A reversal of symmetry is seen in orthotopic limb transplantation. 
Harrison (l92l) commenting on this same problem of the significance of ex­
perimentally induced reversal considered that, apart from possible rotation 
as being a reason, another explanation might be that it is due to reversal 
of molecular asymmetry, analogous to the behavior of optically active com­
pounds. In summing up Nicholas (1955) considered that the evidence seems 
overwhelming for an equipotential system in Driesch* a sense. Recently 
Thornton (1956) has shown that the removal of the apical ectoderm from the 
regenerating limb stumps of Amblvstoma uunctatum larvae 50 to 55 mm. long 
failed to result in a failure of regeneration though some retardation was 
produced. If the cap was removed when the larva was 40 to 60 mm. in length 
a failure in regeneration was produced. Thornton therefore concluded that 
presence of the apical cap is an essential condition of limb bud regenera­
tion. The writer feels that this work is, at least in part, evidence for 
the contention that the regenerating limb bud blastema in the regenerating
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amphibian limb is not the exact equivalent of the differentiating limb bud, 
the more so since Harrison (1918) demonstrated that no particular part of 
the ectoderm was essential for limb bud development*
Chick
In contradistinction to the amphibian in which the limb primordium 
is in the form of a rounded cylindrical outgrowth of the somatopleure, the 
chick limb bud can be best described as lentiform. Hamilton (1952) states 
that at Stage 15 in his convention (50 to 55 hours of incubation) when 24 to 
27 somite pairs are present, the limb areas are flat, and not well demar­
cated from the somatopleure• He notes that there is only a hint of a pre- 
cartilaginous mesenchymal condensation in the limb bud at this time* He 
considers the anterior limb to arise at Stage 16 of the Hamilton-Hamburgur 
convention (51 to 56 hours of incubation)* At this stage the limb bud area 
is about 6 somites in length (somites 14 to 20)* At 72 hours its base is 
delimited by somites 15 to 20* Hamilton notes that referring to somite le­
vels is merely making use of a convenient landmark since experimental work 
has shown that limb differentiation is independent of the somites*
The chick limb bud, once demarcated from the somatopleure lateral to 
the somites, swells out to form a structure reminiscent of a short, stumpy 
paddle with a thickening of apical pre- and postaxial ectoderm* The paddle 
then becomes subdivided into the primordia of the digits and rotation of 
the pre- and postaxial margins takes place* The preaxial (presumptive ra­
dial) border moves ventrally and the postaxial (presumptive ulnar) border 
in a dorsal direction* Concomitantly, in the mesodermal components of the 
limb bud pre-cartilaginous mesenchymal condensations are forming as a pre­
lude to the formation of models of hyaline cartilage* The course of
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endochondral ossification will be outlined in the section entitled "Results*"
In the earliest study on H u b  bud interchange Peebles (l91l) stated 
that earlier work by Lillie (1904) had shown that the amputated stump of the 
chick wing bud would not regenerate as it does in the case of the amphibian 
limb bud* She used the window technique which she had developed earlier 
(1898), The operations were performed on the right side of the embryo dur­
ing the course of the fourth day of development* After operation the em­
bryos were incubated two days in the shell and two days in porcelain cups*
A wing-leg interchange was made by grafting the distal portion of the wing 
bud on the proximal part of the hind leg and the distal part of the leg bud 
on the proximal part of the wing* Ho development was apparent in either 
wing or leg* When the experimentally modified buds (which were in frag- 
ments) and the intact buds were sectioned, Peebles was unable to find dis­
tinguishing characteristics* In a second operation of this same type the 
union of wing-leg parts was complete in the composite experimental limb* 
Skeletogenous reudments appeared in the unoperated side of the embryo after 
four days of incubation* As a result of these experiments she concluded 
that the grafted limb tips became a part of the limb to which they were at­
tached*
In 1933 Hamburgur reported his development of a new experimental 
tool, the use of the intraembryonic coelom for the study of the development 
of the chick limb bud* His object was to study the effect of the presence 
of a supernumerary limb on the differentiating nervous system* His tech­
nique had a high degree of success* In 38 out of 46 cases which survived 
3 days or more after the operation the limb bud healed in and grew* Thir­
teen of the 38 showed essentially normal development, and the remainder
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showed abnormalities. In a later study (Hamburger, 1958) he studied both 
axial and morphogenetic aspects of self differentiation of the chick limb 
bud in this site* The embryos he used possessed 24 to 27 somite pairs*
At this stage the anterior limb bud is only a somatopleural thickening and 
is not really a well defined wing bud* Hamburger studied axis determina­
tion with respect to the two axes of the bud, antero-posterior and dorso- 
ventral, in much the same way as Harrison (l92l) had studied the axiation 
of the amphibian limb bud* Hamburger's results indicated that under the 
conditions he used the limb primordium would develop according to its ori­
ginal orientation. Thus he found that bis data were in partial contradis­
tinction to one of the rules that Harrison developed from his study on the 
amphibian limb bud, i.e., that lateral orientation could be reversed* He 
found no such reversal in the chick* Hamburger felt that in the experimen­
tal site of the body flank or coelom the limb primordia were free to de­
velop fully their intrinsic potentialities since all their normal factors 
for development were present* He cautioned that care must be taken in the 
use of the term self differentiation* That organ or part of the embryo 
which is considered to be self differentiated must be identified, as well 
as the period in its development when it is considered to be self differ­
entiating* Hamburger's work showed that innervation was not essential to 
the develop ment of the limb bud; be does not, however, rule out the pos­
sibility of the presence of sympathetic innervation* He felt that his 
work suggested a partial answer to the problem of Peebles (l91l) who had 
thought it possible that a limb bud could pass through a phase when it was 
in a state of general determination as a "limb" but not specifically as a 
wing or hind limb* In later work Hamburger (1939) showed that "the morpho­
genesis of a limb primordium is independent of innervations and, consequently
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of function*"
Zwilling (1949) started a line of investigation on the chick limb bud 
which proved to be very informative• In the first of his series of papers 
he reported investigating the question of the origin of the "wingless" ano­
maly in chick embryos using the intracoelomic technique originally devised 
by Hamburgur in 1955* He found the basic reason for the wingless condition 
to be the failure of the apical ectodermal cap to develop normally in limb 
organogenesis* The early embryos apparently had the necessary inductive 
stimuli early in development but sooner or later in the homo zygotic condi­
tion, the apical ectodermal ridge failed to develop normally, with resultant 
abnormal wing development* He felt that his observations were partly sub­
stantiated by the work of Saunders (1948), also on the chick, who had shown 
that removal of the apical ectodermal cap during an early stage in limb 
bud development resulted in a defective limb* Saunders found that the ear­
lier he removed the cap, the more proximal was the limb defect which 
resulted*
Zwilling (1949) stated the interesting fact that both wing primordia 
and met&nephros are apparently affected by one gene in the wingless syn­
drome* He also found that the ureteric bud fails to develop in these wing­
less embryos*
In a later work (Zwilling, 1955) be investigated the interrelation­
ship existing between ectoderm and mesoderm by interchanging the ectodermal 
cap of one limb bud for a foreign ectodermal cap from a donor embryo* He 
macerated the ectoderm of the donor limb bud by the use of disodium 
ethylenediamine tetracetate, dihydrate (Versene, Dow Chemical Co., Framing­
ham, Massachusetts) and removed the ectodermal cap of the second donor limb
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bud by the use of trypsin (Difco Laboratories, Detroit, Michigan). He 
discovered one point of technique which was of greatest importance, namely 
that the use of a small amount of hyaluronidase in the trypsin solution 
drastically reduced the production of troublesome mucoid substances. 
Zwilling*s work tended to confirm Saunder's 1948 hypothesis that the apical, 
pre- and postaxial ectoderm of the limb bud does have an organizing role. 
Using foreign, non-limb bud ectoderm applied over a denuded mesodermal bla­
stema, Zwilling demonstrated that the development of the distal portion of 
the limb is dependent specifically on the apical ridge of the limb bud.
Zwilling (on. cit.). in another series of experiments in this same 
paper, covered deectodermized wing primordia with leg ectoderm and vice 
versa. The result was that both wing and leg, when covered with the "for­
eign" ectoderm developed according to their normal potencies. He concluded 
from this that the ectoderm merely determines the occurrence of an outgrowth 
without influencing the type of limb which the outgrowth forms. Zwilling 
noted that the fit between donor ectoderm and host mesodermal blastema did 
not have to be good; also that slight differences in the morphological 
stage of donor and host bud did not seem to interfere with later develop­
ment. He did not investigate the interaction of mesoderm and ectoderm 
which had pronounced differences in chronological age but he felt that this 
should be tried. In this same study Zwilling implanted limb buds whose 
mesodermal cover was free of ectoderm. He found that their development was 
essentially like that of the ectoderm-free limb buds studied by Saunders 
(1948) who found them to be defective, the extent of the defect being re­
lated to the time at whioh the ectoderm was removed. In a further series 
of papers (Zwilling, 1956a, 1956b, 1956c; and Zwilling and Hansborough,
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1956) he reported more information relative to the interrelationships in the 
mesoderm-ectoderm complex of the chick limb bud.
In the first of this series Zwilling (1956a) cut away the distal 
portion of limb buds whose ectoderm had been destroyed with Versene and 
covered the remaining fragment with limb bud apical ectoderm to test its 
response* In a second group of experiments, a single limb mesodermal bla­
stema was provided with two apical ridges to ascertain whether supernumer­
ary limbs would develop* The first series was designed to test the re­
sponse of the mesodeim of the limb bud immediately subjacent to what 
Zwilling calls "Saunder*s ridge*11 Be found that complete humeri or femora 
developed, and no other elements* In addition Zwilling showed that apical 
slivers of the limb bud could form an entire limb* These slivers consisted 
of the entire apical thickening of the ectoderm and from 0*1 to 0*5 mm. of 
mesoderm with which it was in contact*
In the second series of experiments he attempted to cause the for­
mation of supernumerary limbs by the superimposition of two apical ecto­
dermal ridges and was successful* The limb development was unitary at 
first, then a branching of the outgrowing bud appeared* Variations in this 
general pattern were seen* In another procedure reported in the same paper 
(1956b) the apical ridges from three limb buds were placed upon the meso­
derm from a single bud in tandem fashion. This attempt at limb duplication 
was unsuccessful. Zwilling felt that the regulation of the ectoderm is re­
lated to a previously established pattern within the mesoderm. His work 
has shown that the mesoderm of the chick limb bud is a "remarkably plastic 
and regulative tissue"; also his work and the work of others have shown 
that as long as the apical ectodermal cap and some subjacent mesoderm is
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present a high degree of regulative capacity is retained. With regard to 
the conditions necessary for limb duplication he says that the important 
factor is the relative amount of outgrowth inducing surface present on the 
mesoderm and not the mesoderm per se. His results add emphasis to the 
concept that the development of the limb bud is the result of interaction 
and reciprocal relationship between the limb mesoderm and ectoderm.
Zwilling (1956c) next reported the results of ectoderm-mesoderm ex­
changes between normal and wingless embryos. The embryos were obtained 
from a mating of heterozygous parents and he used the technique which he 
developed earlier and has been described above. The limb buds of mutant 
embryos when operated upon and covered with normal ectodermal material were 
always more advanced than the unoperated mutant limb buds. Sooner or later 
however the normal apical ectodermal ridge which had been placed over a 
mutant mesodermal blastema regressed and the distal development of the 
composite limb ceased. As a control the mutant embryos which had donated 
limb buds were sealed up in their shells and reincubated to see if in fact 
they were true mutants. As he expected, when the phenotype of the donor 
mesoderm was normal, good limb resulted in a high number of cases (12 out 
of 58). When the donor mesoderm was from a wingless phenotype the converse 
was true. Zwilling made the observation that the combination of wingless 
ectoderm and normal mesoderm resulted only in the formation of a mound. In 
his discussion Zwilling states that he feels some factor is elaborated from 
the mesoderm which is responsible for maintaining the apical ectodermal 
redge in a thickened, active condition. In his view, then, asymmetries of 
limb bud ectoderm result in a sympathetic asymmetry of limb bud outgrowth. 
Limb bud deformation or asymmetry is the result of uneven distribution in
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the mesoderm of the "ectoderm maintaining factor" which he postulates to 
exist in the mesoderm* According to Zwilling the wingless mutation which 
he studied exerts its effect by interfering with the production of this 
apical ectoderm maintenance factor* He was convinced that a mechanism of 
interaction between mesoderm and ectoderm existed but he had no idea what 
it might be* He observed also that the metanephric kidney and feathers 
failed to develop in his wingless chicks and he concluded that meeting of 
the ureteric bud and metanephrogenic mesenchyme is essential for kidney 
morphogenesis* This conclusion was strengthened by the results of many 
previous workers, among them, Grobstein (1953)•
In the third paper in Zwilling*s series (1956c) he rotated the ecto­
derm through an angle of 90° or 160° with one important modification in his 
usual technique; he used hypotonic trypsin* His criteria were rigorous*
He observed both the host and the developed bud with respect to their orien­
tation to each other, and found that "without exception the axial orienta­
tion of the chick embryo limb bud was determined by the mesodermal compo­
nent when the ectoderm of the composite bud was rotated 180°•"
He found that with a 90° rotation, the axis determination was in 
conformity with the orientation of the ectoderm* This paradox was at first 
explained by presuming that mesoderm might have contaminated the rotated 
ectodermal cup* He discarded this idea of contamination however, because 
no uniform results were obtained* Further, the separation of ectoderm and 
mesoderm was quite complete under the trypsin technique* Zwilling felt 
that good conformation alone may have accounted for results in the series 
in which a rotation of 180° was used* With regard to the series which had 
undergone 90° rotation he felt that only the part of the mesoderm which was
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in contact vith the apical ectoderm was involved in limb outgrowth* Accor­
ding to Zwilling the prevailing attitude among embryologists was that the 
ectoderm exerts a passive role in amphibian limb bud development, an atti­
tude based on the excellent work of Harrison and his students* Zwilling 
feels this may have to be modified, however, because of work which while 
"sparse and not always critical", indicates that the ectoderm of the am­
phibian limb may be more active than heretofore thought. In conclusion he 
stressed that the limb bud is a system whose properties exceed a simple 
summation of the properties of its parts* This concept he cites as the 
conclusion of van Bertelanffy (X949) • notation of the mesoderm unstabi­
lized the system and established a new relationship from which he learned 
something of the capabilities of the limb bud ectoderm*
Zwilling and Hansborough (1956) continued their work with the limb 
buds of mutant chicks* Ectoderm-mesoderm exchanges were made between nor­
mal embryos and those of a genetically polydactylous strain, the "silkie." 
On the basis of their work they report that the mesodermal blastema of the 
genetically wingless embryo cannot maintain the limb bud ectoderm from a 
genetically normal bud long enough for normal limb development to ensue* 
This adds weight to the conclusion of their previous work vith the gene­
tically wingless embryos*
Since so little work had been done at the time of his writing, 
Nicholas (1955) in concluding his section on "Limb and Girdle" in Analysis 
of Development stated with candor that "just where the mammalian limb is 
going to fit is problematical* • He mentioned the unpublished work of
Rothfels who had removed the limb primordium of rat at Nicholas' Stage 29
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and grown it in tissue culture. He reported that her results showed the 
development of recognizable cartilages representing complete limbs with de­
ficiencies, which were confined primarily to the digits, The deficiency 
seemed to be the same whether or not she removed the ectoderm prior to 
culturing, Nicholas (l933a) showed many years ago that the stumps of rat 
embryo limb buds would not regenerate after amputation of the distal por­
tion in the last third of gestation. In this same work he noted that in­
terference with the vascular supply slows down the course of limb develop­
ment but not of limb differentiation,
Recently McAlpine (1956) used a modified cobalt sulfide technique 
with the Gomori-Takamatsu alkalineglycerophosphatase technique to demon­
strate alkaline phosphatase in the rat embryo. His work showed phospha­
tase activity in the thickened apical pre- and postaxial ectoderm. Very 
little phosphatase was found in the mesodermal components. Minimal acti­
vity with regard to phosphatase became evident in a subectodermal zone of 
mesoderm immediately subjacent to the ectodermal cap. He felt that "in all 
probability the special biochemistry of the ectodermal ridge reflects a 
specific biological activity of this tissue,” He felt that because of the 
similarity in development the work on the chick limb bud may be applied 
tentatively to rat limb development. To him the limb bud ectoderm has an 
organizing role, governing the course of differentiation of the underlying 
precartilaginous mesenchymal condensations. He clearly showed that the 
hind limb primordium arises independently of the overlying somites, while 
the fore limb, he thought, arose "in situ” in the lateral mesoderm under 
the influence of the ectoderm.
The only other study on the mammalian limb bud of which the author
knows is his own, the results of which will be reported in the section, 
"Results*"
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Histochemistry
In 1923 Robison commenced his study of the importance of phosphoric 
esters in the process of ossification* He showed that the ossifying carti­
lage of young rats and rabbits contained an enzyme which rapidly hydrolyzes 
hexosemonophosphoric ester and also glycerophosphoric ester* He concluded 
that some ester of phosphoric acid is present in the plasma and blood cor­
puscles* Hydrolysis of this ester would produce an increase of the concen­
tration of HPO^ ~ ions in the cartilate* If an equilibrium exists between 
solid and unionized calcium phosphate and also between calcium and phos­
phate ions, any imbalance in this equilibrium state introduced by an in­
crease in concentration of ions would cause a precipitation of calcium 
phosphate* Robison reasoned that this deposition mechanism is the one which 
goes on in endochondral ossification* He postulated that a phosphoric 
ester (whose calcium salts are water soluble) is hydrolyzed by some enzyme 
present in the ossifying cartilage* As a result, phosphoric acid is pro­
duced, This enzyme, he postulated, is a phosphatase* In subsequent work 
his concept was shown to be correct* It was demonstrated that the level 
of calcium phosphate in the tissue fluid could be raised beyond the point 
at which it would remain in solution* The cells in the developing bone 
which are responsible for the secretion of the enzyme were found to be the 
osteoblasts and hypertrophic cartilage cells* Maitland and Robison (1924) 
showed that cartilage which was not undergoing ossification was in all 
cases free of the phosphatase*
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In a later report Fell and Robison (1929) studied the phosphatase- 
producing activity of avian limb buds cultivated in vitro. They found that 
3 day chick limb buds cultured in vitro did not produce either bone or hy­
pertrophic chondriocytea• Nodules of non^hypertrophic, small-celled car­
tilage were developed from the limb buds* Around the outside of these no­
dules was a fibrous connective tissue layer sometimes containing small 
NisletsM of keratinized ectoderm. Their general conclusion was that phos­
phatase is synthesized by cartilage only if hypertrophic cells are present* 
In 1934 these same workers studied the development of the calcifying 
mechanism in avian cartilage and osteoid tissue under in vitro conditions* 
They concluded that a specialized mechanism is developed in hypertrophic 
cartilage and osteoid tissue before these tissues can be calcified in the 
body* They were able to furnish supporting evidence for their earlier hy­
pothesis, namely that phosphatase is an important component of this calci­
fying mechanism but that it is only one of several factors which are opera­
tive in endochondral ossification*
Niven and Robison (1934) also studied the calcifying mechanism in 
the long bones of the rabbit* They found that between the eighteenth and 
nineteenth day of gestation the mesenchyme surrounding the hypertrophic 
cartilage had differentiated into an inner layer of osteoblasts and an 
outer layer of fibroblasts* The fore limb developed in advance of the hind 
limb* The bones of littermates showed variation in the degree of ossifi­
cation* Acetone did not interfere with the phosphatase mechanism. Their 
work demonstrated that the calcifying mechanism is present in the tissue 
before a visible deposit of calcium salts can be demonstrated* This work 
of Niven and Robison showed that there are apparently two components to
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the calcifying mechanism: the first is the phosphatase enzyme, the second 
is an inorganic mechanism; and it is likely that there exists an intimate 
relationship between the two.
In 1939 Gomori and Takamatsu published, almost simultaneously, their 
work on the development of a new histochemical test for the enzymes of the 
phosphatase group* Gomori (l95l) mentions that there are really only two 
phosphatases, acid phosphatase and alkaline phosphatase* He feels that 
there is no proof of the existence of a neutral glycerophosphate* The de­
monstration of this dubious enzyme is, he feels, "due to the combined ac­
tivities of nonspecific acid and alkaline phosphatase measured at a non- 
optimal pH." Lacroix (l95l) has written a comprehensive review of the 
experimental work on the mechanisms of ossification, starting with the 
work of Robison (1923). He described the nature of the phosphatase as 
consisting of a cophosphatase (co-enzyme) soluble in water (lyo-enzyme) and 
an apophosphatase (a carrier)* The two components of the phosphate pair 
are separable by dialysis* He says in summation that the role of the phos­
phatase in ossification is to hydrolyze the esters of the phosphoric amines 
which are formed in blood or in situ by a second ossification mechanism 
which was postulated by Robison.
Earlier Danielli (1946) reported a critical study of the histochemi­
cal techniques which were commonly being employed to determine the cytolo- 
gical location of alkaline phosphatase* He described alkaline phosphomono— 
esterase as the enzyme which catalyses the hydrolysis of simple esters of 
orthophosphoric acid with phenolic or alcoholic hydroxyl groups* Viz:
R . 0 * P0_“ ~ HOH ------------------ w  R.OH + HPO.“? 4
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Daniel11 demonstrated histochemically the presence of alkaline phos­
phatase in the brush borders of the proximal convoluted tubules of the kid­
ney* He suggested that its function might be the hydrolysis of phosphoric 
ester in the glomerular filtrate thereby permitting active reabsorbtion* 
Moog (1944) mentions that glycogen has been observed to accumulate at pri­
mary ossification centers* She asks the question whether or not the "accu­
mulation of glycogen parallels the cartilage-phosphatase-bone correlation 
which has been observed?" Koog's work, in which Gomori's technique was 
employed, entailed the study of the localisations of acid and alkaline 
phosphatases in the early embryogenesis of the chick*
Karezmer and Berg (l95l) have recently studied the localization of 
phosphatases in the regenerating limb blastema of Amblystoma. The results 
of both studies lent affirmation to Robison1 s hypothesis of the importance 
of phosphoric ester's in ossification*
McAlpine (1956) studied the production of alkaline glycerophoapba- 
tase in the limb bud of the developing rat embryo* His work demonstrated 
that there is phosphatase activity in the apical ectoderm of the bud and 
also in the pre- and post axial regions of thickened ectoderm* There was 
little phosphatase activity in the mesodermal components of the developing 
limb buds* He observed minimal phosphatase activity in a subectodermal 
zone of mesoderm immediately subjacent to the thickened ectoderm* McAlpine 
felt that his work showed that the high phosphatase activity of the ecto­
dermal ridge reflects special biochemical differences which exist within 
it and which are an expression of its organizer action on the underlying 
precartilaginous mesenchymal condensations*
Jackson (1957) has done an electron microscope study of the fine
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structure of developing bone and has shown that the collagen fibrils in de­
veloping bone play a significant role in the organization of the bone ma­
trix* Thus it would seem that the concomitant deposition of a matrix of 
collagen fibrils plus the deposition of calcium salts are two of the major 
events in the formation of osseous tissue*
MATERIALS AND METHODS
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The Experimental Animal
The Syrian hamster (Mesocricetus auratus Waterhouse. 1839) is a hi­
bernating hamster from the near East. All of the laboratory hamsters now 
extant in Britain and the United States are descendants of a single female 
and her litter of youngsters taken from a burrow in Aleppo, Syria, in 1930 
(Ashbel, 1952). Waterman (1948) states that the "estrus cycle lasts about 
4 days (3.9 days, Kent and Smith). It begins on the thirty-third to the 
thirty-eighth day of life and persists without interruption until senescence, 
which is associated with ovarian failure and usually occurs in animals 400 
to 500 days of age.” Animals may be bred during the entire year. Females 
may bear around four litters during the period of eight to nine months 
during which they may be impregnated. Waterman (1948, p. 78) states that 
most matings occur after eight P.M* The writer found that his own work was 
in agreement with the time of mating as determined by later workers 
(Strauss, 1956) and Waterman. It should be noted here, however, that mor­
nings and afternoon matings have been observed.
The changing picture of the vaginal smear of the hamster has been 
studied by Ward (1946). It has been found by workers such as Strauss 
(1956) and Austin (1956), as well as by the author, that the interpretation 
given by Ward of the vaginal smear is quite accurate for determining the 
stage of estrus and as an indication of whether or not coitus has occurred. 
The main problem for studetns of the embryology of hamsters has been the
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accurate determination of the time and place of fertilization of the eggs, 
and the precise time post coitum at which a given stage of development is 
reached, Austin (1956) and Strauss (1956) have worked out the exact in­
tervals of time which transpire between the time of mating and the finding 
of a Stage II (estrus) vaginal smear as defined by Ward (1946) and repro­
duced by Waterman (1948, Fig. 24, photomicrographs 3 and 4)* According to 
Ward (as reported by Waterman (1948)) Stage II . • extends from the 
early morning of day 1 into the morning of day 2, when the postestrous 
white vaginal discharge is present. The smear is now characterized by 
large, nucleated epithelial cells of several shapes and some non-nucleated 
oomified cells. The number of cells varies with the time at which the 
smear is taken,14 The writer found that in doing several vaginal smears 
for the purpose of determining the time of copulation, the above informa­
tion is correct in all of its essentials, Strauss (1956) has extended the 
work of Ward (1946) in part, in that he has fixed accurately the time which 
is required for the sperm to traverse the cornua and uterine tubes to ef­
fect fertilization. He found that in the case of evening matings actual 
fertilization would occur around one o1clock in the morning following the 
evening during which mating occurred. In the interest of greater clarity 
and accuracy he stresses the desirability of using the term developmental 
age rather than post coital age in assigning ages to developing embryos. 
Thus zero hours of development would in Strauss* convention be the time at 
which the fertilization occurs and the extrusion of the polar bodies is 
completed. All ages given in the present investigation are based upon 
Strauss* (1956) convention.
The normal development of the hamster as investigated by the author
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and reported by other workers will be presented separately in the section 
entitled "Results." For the present it will suffice to give only a brief 
summary. The cleaving ova remain free in the uterine tubes for a period of 
approximately four days with implantation occurring during the course of 
the fifth day. Implantation is antimesometrial. Except for the more rapid 
development of the hamster, the processes establishing the amnion, chorion, 
allantois, and yolk sac placenta appear to be identical to those reported 
for the rat by Nicholas (1949) and the mouse by Snell (l94l). The author 
found Snell's use of the terms dorsal and ventral convenient when referring 
to the orientation of the early egg cylinder stages prior to the turning of 
the embryo. Since the basic orientation of the embryo at this time conforms 
to the dorsal-ventral orientation of the uterus, X feel justified in using 
the simpler terms.
The cheek pouch of the hamster is a double-walled, membranous, 
blindly-ending sac which is an extension of the buccal epithelium; and when 
it is in the retracted position it extends into the shoulder region under 
the loose integument of the animal. Its microscopic anatomy has been re­
ported by Luts and Fulton (1947) and its blood supply and other detailed 
structures by Priddy (1946). Associated with it are skeletal muscle fibers 
which are concentrated at its base and disappear toward its blind end, 
which is relatively avascular. In its histological structure as reported 
by Fulton, Jackson and Lute (1947) are the following, reading from the 
outer to the inner layers:
1. Stratified squamous epithelium composed of from 2 to 5 layers of 
cells and with a small amount of comification on the surface.
2. Rather dense fibrous connective tissue.
3. Longitudinal striated muscle fibers, numerous near the aperture 
but absent from the blind end of the pouch.
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4* Loose areolar connective tissue.
The same authors (Lutz and Fulton (f 47)) found blood vessels to be 
numerous in both connective tissue layers and striated muscle.
The explantation of embryonal tissue being reported here was made 
into the intrapouch areolar tissue referred to in ”4" above.
Breeding and Be^nrdiryr of Breeding
Male and female hamsters were placed together in pairs and vaginal 
smears were read daily* Interpretation of the smears was based upon the 
work of Ward (1946) outlined above, and by Waterman (1948). Recently 
Austin (1936) used "the presence of a copulation plug in the vagina, and 
of spermatozoa in the vaginal smear*" The writer employed Austin's tech­
nique and found that the presence of a late estrus smear or early diestral 
smear with sperm present was, as Austin indicated, a reliable positive test 
for copulation having occurred* During the present study vaginal smears 
were usually made at about 10 o'clock in the morning, using the "lavage" 
technique* The smears were not stained, but examined directly with oblique 
lighting under four hundred and forty diameters of magnification.
The time at which animals were put together was recorded on their 
cage card and the time at which the first positive vaginal smear was found 
was entered on the reverse side of the cage card, which was then replaced 
in its holder with this side outermost* The time at which each group of 
vaginal smears was taken and the result of each smear were recorded daily* 
Whenever a positive smear of doubtful validity was found, subsequent smears 
were made to determine whether the animal entered diestrue.
The day on which a positive vaginal smear was found was the basis 
of estimating the developmental age of the embryos* The times given by
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Austin (1956) and Strauss (1956) for the recovery of specific developmental 
stages were found to be reliable. Zero hours of development was assumed to 
be between 1 and 2 A.M. of the day during the morning of which a positive 
Stage II vaginal smear was obtained. This assumption was based on the con­
clusion of Ward (1946) that ovulation occurs at this time, and upon the 
suggestion of Strauss (1956) that developmental age is a more realistic 
convention to adopt than post coital age. Strauss based his conclusion 
on the facts that (a) the sperm take several hours to reach the eggs and 
that (b) following ovulation the eggs require a certain period of time in 
which to reach a peak of ripeness.
Surgical Techniques 
Recovery of Ova
In those operations in which it was desirable to obtain preimplan­
tation stages the following procedure was followed:
The animal was anesthetized with sodium pentothal (Nembutal, veteri­
nary type) and the hair on a wide area of the integument covering the po­
sterior abdominal wall was clipped off. An incision of about 2 inches in 
length was made in the integument of the flank approximately parallel to 
the vertebral column. The edges of the incision were spread, flooded with 
physiological saline, and covered with clean gause squares which had been 
folded. Entry into the perivisceral coelom was made by fine scissors fol­
lowing the separation of the fibers of the muscle obliouus extemus. The 
anatomical landmarks used were the posterior margin of the ribs, the verte­
bral column and the lateral margin of the lumbodorsal fascia. The large 
fat mass which is associated with the ovary and uterine horn could usually
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be seen through the abdominal wall, and the coelom was entered just over 
this fat mass*
Once the ovarian fat mass was visualized it was grasped with forceps 
and the ovary, uterine tube and cornu delivered to the outside« All tissues 
were moistened with physiological saline. A haemostat was next applied to 
the ampulla of the uterine tube and at the tubo-uterine junction. The tube 
was then excised in a Maximow tissue culture slide in warm (temperature was 
approximately 37.5° C.) balanced saline and the cornu was replaced in the 
body cavity. The incision in the body wall was sutured with "Deknatel" 
surgical silk U.S.P. size 3-0 except when the incision was so small that 
muscle tonus effected sufficient closure. Closure of the skin incision was 
made with Michel wound clips.
The uterine tube and the mesotubarium of the hamster are intricately 
and tightly coiled. The coils were spread and the mesenteries between them 
were cut, permitting the tube to be extended its full length. Then the 
tube was cut into approximate thirds and each third was placed into a sepa­
rate Maximow tissue culture slide. Bach portion of tube was then stripped 
by running the back of a Graafke knife down its length to express the ova 
if present. It was oftentimes found that mere manipulation of the portions 
of the tube was enough to free the ova.
If postimplantation stages were desired the procedure outlined above 
was followed with the exception that the uterine tube and ovary were not 
excised but left in place. The cornu was delivered to the outside and 
moistened with physiological saline. A haemostat was applied between two 
adjacent implantation loci with the point of the hemostat directed toward 
the ovary. Excision of the implantation loci was accomplished with
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irridectomy scissors using the edge of the hemostat directed toward the em­
bryos as a straight edge. It was found that if the hemostats were left in 
place for several minutes after being put in place, only minimal bleeding 
occurred. The excised materials were placed in warm buffered saline at 
57.5° C., allowed to drain free of blood, and the stump of the cornu was 
replaced in the pervisceral coelom. Uterine tube and ovary were left in 
place.
Explantation of Embryonal Material
Recovery of preimplantation embryonal material
The preimplantation ova which were recovered by the technique of 
tubal stripping described above were transferred to a Maximow tissue cul­
ture slide and the number of blastomerea was noted. If the embryo had 
reached a developmental age at which it was impossible to count accurately 
the number of blastomerea, an estimation was made of the morphological age 
of the embryo, viz.: morula, early blastocyst, late blastocyst.
The ova were next explanted to the loose areolar connective tissue 
of the cheek pouch (Priddy, 1948) by means of the following technique.
The cheek pouch was everted and pinned out with bank pins over the 
optical block of a cheek pouch preparation dish (Fig. l). Under 10 X mag­
nification a small incision was made with the end of a cornea knife in an 
area near the blind end of the pouch which was relatively free of blood 
vessels. The blade of the cornea knife was introduced into the intrapouch 
connective tissue and a small channel prepared for the reception of the 
embryonal material.
The eggs or preimplantation stages were next transferred by use of
PLATE I 
Explantation Site
Fig* 1* —  Hamster cheek pouch pinned out over 
optical block for transillinination*
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a modified Spemann micropipette. In place of the usual rubber bulb a glass 
one was used. A stopcock was inserted in the barrel. The heat of the hand 
applied to the glass bulb forced air out, the stopcock was closed, thereby 
creating a partial vacuum with which to handle the ova. Special care had to 
be taken to prevent ova from sticking to the inside of the pipette at this 
point in the procedure. In the writer’s experience, the relative opacity of 
the pouch epithelium made it impossible to see the embryonal material in the 
pouch after explantation. In many cases the elasticity of the pouch tissues 
forced the embryonal material out through the pouch incision. We feel that 
this could account for the negative results following the implantation of 
these early embryonic stages.
Recovery of nos timnlantation embrvoimi material
The postimplantation stages did not present the technical problems 
presented by the recovery of preimplantation stages. The uterine cornu was 
delivered and excised as outlined in the series of plates on operative pro­
cedure (Pigs. 2, 3). The implantation loci were next separated from each 
other (Fig. 4). Bach implantation locus was then dissected from the anti- 
mesometrial direction. The myometrial layers of the cornu were incised and 
peeled back from the suhnucosa dnd decidua. The embryo and its associated 
decidua usually came free as a unit while the placental connections remained 
intact (Pig. 5). The embryo was then dissected free of all extraembryonic 
membranes, and the umbilical vessels cut. Measurement of the approximate 
crown-rump length was made using a small metric scale (Fig. 6), the mea­
surement being made to the nearest half a millimeter.
The stages in these surgical and semi-microsurgical procedures were 
photographed with a Linhoff view camera using an electronic flash attachment
P U T S  II
Surgical Techniques
Fig. 2* —  Two implantation loci are shown after 
hawing been delivered to the outside* All tissues 
are kept moist with moist gause sponges*
Pig* 5* —  A haemostat is clamped on the recurrent 
branches of the uterine artery and, with the haemo- 
atat as a straight edge, the cornu is out free*
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Fig. 2
*
Fig. 3
PLATE III
Surgical Techniques
Fig. 4. —  Two implantation looi are shown dissec­
ted free and resting in vain buffered saline in a 
Syracuse watch glass.
Fig. 5* — » The embryo and its decidua are shown 
dissected free of each other. The lefthand struc­
ture is the muscularis of the uterus* the middle 
one is the decidua proper (mostly submucosa shown) 
and lastly the embryo in its membranes.
F ig . 4
*
*
Fig. 5
PLATE XV
Measurement for Crown-rump Length
Fig* 6* —  The embryo is shown dissectied free of 
its membranes, being measured for crown-rump length 
to the nearest half a millimeter*
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Fig. 6
*
4
which fitted around the lens of the camera.
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Explantation of embryonal material 
to the cheek pouch
Specific tissues for explantation were obtained with a semimicro- 
surgical technique using the finest obtainable irridectomy scissors. All 
work was done in the field of a binocular dissecting microscope. After it 
was demonstrated that morphogenesis and differentiation of embryonal tis­
sues would occur in the intrapouch areolar transplantation site, a uniform 
series of tissues and components of anlagen was explanted to the pouch.
Limb buds. —  The excised embryo was arranged on the stage of the 
microscope so that incident light clearly illuminated the anterior limb bud 
of one side together with its adjacent structures. Excision was accomplished 
by means of fine irridectomy scissors and minuten nadeln honed to a fine 
point. Both anterior limb buds were removed from each embryo, the entire 
bud and presumptive girdle area being excised. One to four pairs of buds 
were removed during the course of one operation. The buds were examined be­
fore explantation to ensure that only presumptive limb and firdle elements 
were transferred to the pouch.
Sclerotomal mesenchyme. —  This tissue was obtained by excision of 
a longitudinal curved block consisting of somites and associated tissue 
whose cranial limit was the postaxial border of the anterior limb bud. The 
caudal limit was the preaxial border of the posterior limb bud. The neural 
tube was excised because of its demonstrated capacity for cartilage induc­
tion din the adjacent somite mesoderm (Grobstein, 1935)* The ectoderm was 
also removed so that it might not grow and differentiate in the experimental
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site —  a situation which could easily result in confusion when interpre­
ting the results#
Stripping of ectoderm. —  It is crucial to the work being reported 
to analyze the possible role of the limb bud ectoderm in inducing limb bud 
mesenchyme to form cartilage; and further, to regulate the limb bud in for­
ming a recognizable limb bud primordium# For this reason it was important 
to remove the ectoderm with as little injury as possible to subjacent meso­
derm#
A combined mechanical-chemical technique was developed during the 
course of the investigation. Upon the advise of Dr. Edgar Zwilling (1957) 
we decided to use a sequestering agent obtainable from Dow Chemical Company, 
Framingham, Massachusetts, known commercially as Versene (disodium ethy­
lene diamine tetraacetate dihydrate). Zwilling (1955) recently used the com­
pound to macerate the limb bud ectoderm of chicks prior to their being 
covered with "foreign" limb bud ectoderm or non-limb bud ectoderm. Its me­
chanism of action appears to be that of extracting ("sequestering") the in­
tracellular calcium in the ectoderm, with the result that the tissue loses 
its integrity. In our experience a long exposure of over forty minutes to 
a concentration of one hundred milligrams percent of Versene did apparently 
destroy the ectoderm as Zwilling (1955) indicated. Shorter periods of ex­
posure allowed the ectoderm to be shucked off as a virtually intact cap.
When the ectoderm was needed intact the excised limb buds were ex­
posed for periods of an hour or over in 100 mg. percent solution of buf­
fered isotonic NaCl at approximately 37*5° C. Shorter periods (30 to 40 
minutes) were used when it was desired to remove the ectoderm intact for 
further use. The Versene was washed off with warm (37.5° C.) buffered
isotonic saline
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Histological and Histochemical Tech™ aues 
Histological
For the greater part of the work on the normal embryology of the 
hamster as well as some of the experimental the following routine histolo­
gical procedures apply*
1. The embryonal material was recovered from the uterus or from 
the cheek pouch* In the latter case the explant was excised from the pouch 
along with the portion of the cheek pouch immediately surrounding it* I 
found it desirable to allow the pouch tissue to roll up of its own accord, 
since greater ease of sectioning was obtained in this way.
2. Materials were fixed for 24 hours in Mossraann’s modification of 
Tellesniczky*a acetic-alcohol-formalin embryological fixative (Guyer, 1936, 
p* 259)• I found that a fixation time of 24 hours gave very satisfactory 
results*
5. Tissues were washed in 70$ alcohol and dehydrated in alcohol, 
cleared in zylol, infiltrated with paraffin in an Autotechnicon; and em­
bedded in prafffin.
4* Normal embryos were sectioned at between 10 and 16 microns, ex­
perimental tissues at 10 microns* Sections were mounted serially on 50 x 
75 nan* slides, deparaffinated, and rehydrated in the usual way* I found 
that the use of a celloidin-ether-alcohol stage, with a final concentration 
of approximately 4$ celloidin between the absolute and ninety-five percent 
alcohol stage as suggested by Hugh (1952) greatly diminished the number of
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sections lost by poor adhesion*
5* Staining was done with Harris* acid hematoxylin. The stock so* 
lution was diluted 1:1* The staining time was one half to one hour* Counter- 
staining was done with eosin I in 95$ alcohol* Removal of excess hae- 
matoxylin was accomplished in acid alcohol, bluing of the nuclei in a 
strongly basic (pH 8 to 9) solution of 7C$ aloohol* Clearing and mounting 
was done in xylol and Clarite* I found that it was best to let the slides 
cure for two to three days in a horizontal position prior to storage in 
boxes*
Histochemioal
As the work progressed it occurred to me that the endochondral os­
sification seen in the explanted limb bud was no doubt accompanied by the 
usual bioohemical differentiation seen in the intact bud in utero. This 
possibility was suggested by the work of McAlpine (1956) on the concentra­
tion of alkaline glycerophosphatase in the developing limb bud of the rat 
embryo* It was my hope to lend such biochemical affirmation to my morpho­
logical findings* Accordingly the calcium cobalt technique of Gomori and 
Takamatsu (1939) and the modified glyoerophosphatase substrate of McAlpine 
(1956) were used, as follows.
Fixation
Fixation was accomplished by means of cold acetone at -2*0° C. to 
4*0° C* The solution of acetone was changed three times during the twenty- 
four hour period of fixation. According to Gomori (1952) 80$ to 100^ of 
the enzyme may be fixed by this method* Sections may be left for an inde­
finite period in paraffin (Gomori refers to an interval of ten years) with
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no marked diminution of enzyme concentration* Variation in pH from 9*0 to 
9*8 is allowable for the demonstration of alkaline glycerophosphatase* 
Maintenance of a critical temperature in the substrate solution is not ne­
cessary.
X found that the advice of Gomori (1952) and of Martin (1949) was 
well founded with regard to the importance of the time of incubation in the 
glycerophosphatase substrate* Just as these authors indicated, overlong 
periods of incubation (above three hours) produced intense concentrations 
of precipitated CoS and inadmissible diffusion artefacts*
fimhftdriittfl
After fixation, the tissues were dehydrated in absolute alcohol with 
one change for 17 hours. This was followed by 2 changes of a mixture of 
xylol and paraffin 1:1 for 1 hours, 1 change of xylol for 1 hour, 2 changes 
of paraffin for 1 and 2 hours each* Except for fixation all steps in the 
later stages of the work were done in an Autotechnicon* The constant agi­
tation provided by the Autotechnicon produced tissues which were sectioned 
with ease at the desired thickness*
Sectioning
Sectioning was done serially at a thickness of 8 to 12 microns and 
the tissues were mounted on slides of 90 x 75 mm* As the slides were co­
vered with sections the end of the slide opposite to the label was scribed 
with a diamond, as "H and E", "P", or "Ca *• These symbols stood respec­
tively for hematoxylin and eosin, phosphatase, or calcium control slides* 
This arrangement of sections and slides is in accordance with the sugges­
tion of Lillie (1948)* Meyer’s albumin fixative was used to attach the
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sections to the slides* I found that the liberal application of ice to both 
paraffin block and knife during the process of sectioning produced much 
smoother sections*
Hydration of sections
Hydration of sections was accomplished as elsewhere noted for rou­
tine histological work, a celloiden-ether-alcohol step being used. When a 
demonstration of the presence of alkaline glycerophosphatase was wanted, 
the slides were submerged in a substrate wolution which first had been 
brought to a temperature of approximately 57*5° C* The histochemical con­
trol slides (or "histochemical blanks") were put into a solution of 1#  cal­
cium nitrate tetrahydrate which likewise had been brought to a temperature 
of approximately 37*5° C.
The substrate solution for the demonstration of alkaline phospha­
tase was made up according to the formula of McAlpine (1936), as follows:
A volume of this substrate solution was made up sufficient to 
cover twenty slides in the standard glass staining box with slide carrier. 
The pH of the final solution was within the optimal pH range cited by 
Gomori (1952). Incubation of both phosphatase slides and calcium control 
slides was carried out for a period of two and a half to three hours. The 
slides were then washed for several minutes in tap water.
2$  sodium barbital 
2$ sodium beta glycerophosphate 
2$ calcium chloride 
2$  magnesium sulfate 
Distilled water
23*0 ml* 
25*0 ml. 
3*0 ml. 
2*0 ml. 
30.0 ml.
Demonstration of fllVflline phosphatase
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Both phosphatase and calcium control slides were next placed in a 
2^ solution of cobalt nitrate-tetrahydrate for 2 to 5 minutes* At the end 
of this period they were washed in tap water*
Precipitation of cobalt sulfide
The slides were next placed in a very dilute (2 to 5 drops per 250 
cc* of H20) solution of ammonium sulfide for 2 to 5 minutes* A note of 
caution should be interjected here* As a result of decomposition, poly­
sulfides and H^S are produced in (ffiL)^9 on standing, which causes it to 
develop a straw-yellow color* All operations involving its use should be 
carried out either in the open air or under a hood because of the presence 
of toxic H^S.
After the ( N H ^ S  step the slides were again washed in running wa­
ter and passed through distilled water. From this point the procedure was 
the same as for slides processed by routine histological methods, that is, 
staining with haematoxylin and eosin, dehydrating and clearing.
The results indicated that these techniques were fairly reliable and 
furthermore they demonstrated that there was a correlative series of histo- 
chemical changes accompanying the morphogenesis of the intact and experi­
mentally modified limb bud of the hamster as it grew in its explantation 
site in the areolar connective tissue of the cheek pouch.
Convention Followed in Sectioning Babrvonal Material
The convention of Snell (l94l), ax presented by him on page 16 of 
The Mouse in Laboratory Investigation was followed in sectioning hamster
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embryos in utero. Snell*s convention applies equally veil to the hamster 
except for differences introduced by its greatly accelerated development. 
Egg-cylinder stages sectioned in uterine plane A (Fig* 7) will yield sec­
tions which are longitudinal* After the antero-posterior axis of the em­
bryo is established sections of the embryo cut in this plane will be sa­
gittal.
After the late egg-cylinder stages, when the embryo has commenced 
to turn, variation will be encountered in the plane of the sectioned embryo, 
depending upon the degree of torsion. As Snell noted for the mouse, so the 
writer found that variations in the angle of implantation also occur in the 
hamster with consequent variability in the planes of the sections*
Analysis of Data
The scheme of the operative series is presented in Fig. 8* It will 
be noted that I have shown all operation types to be reported in one schema. 
All of the operations involving preimplantation stages, endometrium and 
early embryonal material are designated as pilot operations.
The series of operations represented in the middle of the plate re­
presents the attempt to demonstrate that it is necessary for limb bud ecto­
derm to be in contact with limb bud mesenchyme in order to bring about an 
induction of developing structures. The two series which were most pro­
ductive of information are presented on the far right.
A key was devised for rapid identification of operation types, as
follows:
PLATE V
Planes of Section of the Uterus and Embryo 
(after Snell)
Pig. 7. —  Key
A * plane sagittal to the embryo; longitudinal to 
the egg-cylinder.
B * plane transverse to the embryo in stages older 
than the eggwsylinder; transverse to head and 
tail; frontal to the mid-trunk.
C * plane frontal to the embryo in stages older 
than the egg-cylinder; frontal to head and 
tail; transverse to the mid-trunk.
SECTIONING CONVENTION
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Fig. 7
A F T E R  S N E L L  1941
PLATE VI
Fig* 8
Schema of Embryonal Operations
PREIMPLANTATION STAGES POSTIMPLANTATION STAGES EMBRYO AT a.5 TO II .5 INTACT LIMB BUD
* o*
EXPLANTATION TO I N T R A P O U C H  CONNECTIVE TISSUE
I --------- Y
EXPLORATORY OPERATIONS
JL J l"V--------   Y--
EMBRYONAL INDUCTION EXPERIMENTAL 
SERIES C O N T R O L  SERIES
J
MODIFIED LIMB BUD
EXPERIMENTAL 
MODIFICATION SERIES
SCHEMA OF OPERATIONS
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Symbol
PO
El
£1.
E l ,
EC.
EC,
EC.
EEL2
EEj
Operation Type
Pilot (= Exploratory Operations)
Eknbryonal Induction (?) 
Autograft
Experimental Control 
Induction (?) Series
Embryonal Induction (?)
Homograft to $
Experimental Control 
Autograft Type
Experimental Control 
Homograft to $
Experimental Control 
Homograft to &
Ectodermal Extirpation 
Autograft
Ectodermal Extirpation 
Homograft to $
Ectodermal Extirpation 
Homograft to 6
The criteria which were used in the histological analysis of the
several studies following the pilot series are as follows*
Experimental Controls
a* Bid the explanted limb primordia appear, to have undergone nor­
mal regulative development? What germ layer derivatives were absent?
b, Were all the girdle and appendicular elements which could have 
been expected to have developed from the bud present or were some missing?
c. Bid the results of the alkaline glycerophosphatase test indi­
cate that the hypertrophic cartilage cells and osteoid tissue had niigiiine 
phosphatase present?
d« Was there any perceptible difference in the intact buds after 
periods of intrapouch growth in sites other than the maternal pouch?
Ectodermal Extirpation
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a. Were there ectodermal structures present? If there were, the 
explant was included in the series of experimental controls*
b. The four criteria, a, b, c and d, as applied to the experimen­
tal controls above were applied also to the present series* In addition, 
a fifth criterion was applied:
c* Did the embryonal explant show a structural deficiency in its 
morphology whioh might be related to the time of extirpation of ectoderm?
Was this correlated with concomitant removal of the inductive influence of 
the limb bud ectoderm? How did this structural deficiency compare with an 
unmodified limb bud excised and explan ted at the same stage in ontogeny?
Embryonal Induction (?)
a* What was the nature and extent of the persistence of embryonal 
material? Which germ layers underwent morphogenesis and differentiation or 
both?
b* Was neural tissue present? If it was, the possible inductive 
influence of the limb bud ectoderm upon the sclerotomal masses had to be 
discounted because of the demonstrated inducing activity of certain por­
tions of the neural tube on the sclerotomes (Grobstein, 1999)* Had the 
ectoderm persisted? If it had, what was its relationship to the mesodermal 
elements provided they were present?
c. Did the sclerotomes undergo morphogenesis and differentiation?
If they did, was this morphogenesis in the direction of the formation of 
vertebral primordia or was it in the direction of the formation of limbs and 
girdle elements? It had to be born in mind that at the time at which the 
sclerotomes were explanted the inducing action of the neural tube may
already have been impressed upon the sclerotomal mesenchyme
Photographic Data 
The photography of ova was done with a Leitz water immersion lens 
(at a magnification of 55 X) on a monocular microscope to which a Leitz 
Makam photomicrographic camera had been attached*
The one celled individual in Pig. 9 and all other examples of pre­
implantation stages were photographed on Kodak contrast ortho film. The 
details for Fig. 9 are: stop, f7; neutral density filter; exposure time, 
7.5 seconds; developer, D-ll. The good photographic contrast in this and 
in succeeding cleavage stages was obtained by using oblique illumination.
The exposure for Fig. 11 was 1.5 seconds; for Fig. 12, 5«5 seconds 
and for Fig. 15, 9.0 seconds. All other data were the same as stated for 
Fig. 9, above.
PLATE VII 
Preimplantation Stages
Pig* 9* —  A one celled individual is pictured.
The primary polocyte is prominent. The peri vitel­
line space is seen to have increased in extent 
compared with the unpenetrated follicular egg pic­
tured below. Initial magnification 550 X, expo­
sure 7,5 seconds, on Contrast Ortho, stop f7, de­
veloped in D-ll,
Pig, 10. —  An unpenetrated follicular egg, A 
small perivitelline space can be seen. Initial 
magnification 550 X, photographed on Contrast Ortho 
at f7, exposure 5 seoonds, development in D-ll,
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Fig. 9
*
Pig. 10
RESULTS
The Normal Embryology of the Hamster
Preimplantation Stages
First to fifth davs of development
Ova were recovered by the methods outlined under "Materials and Me­
thods ,M Approximately sixty-seven in various stages of development, from 
the unpenetrated follicular egg to the eight celled stage were recovered 
and photographed. The developmental times from Strauss (1956) were found 
to be in conformance with the results which we obtained. He observed no 
perceptible difference in size between the male and female pronuclei. The 
unpenetrated vitellus of the hamster egg as represented by Fig, 10 is char^ 
acterized by a granular cytoplasm and a small but evident perivitelline 
space. The upper photograph (Fig, 9) shows a typical one celled hamster egg 
with a prominent primary polooyte and a greatly enlarged perivitelline space. 
This egg was photographed immediately after it had been removed from a fe­
male which showed a metestrus £ smear (following the convention of Ward, 
1946), Whether or not the two circular bodies in the cytoplasm represent 
the two pronuclei is problematical; they may be large yolk granules. The 
other spherical objects, close to the outer surface of the zona, are air 
bubbles. This egg is very similar in appearance to that shown by Austin 
(1956, in his Plate I, Fig, l) and the time of its recovery was between 11 
and 12 A*M, of the first day of development; sperm had been found in the 
vaginal smear. No two celled stages were seen in the group of eggs re­
covered from this female. The pronuclei are not visible and possibly could
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not have been demonstrated except by phase microscopy*
Fig. 11 is a typical two-celled hamster egg recovered at 11 A.M. of 
the second day of development. At the time of recovery the mother showed a 
late metestrus A vaginal smear. The second polar body is visible, the zona 
has apparently been lost, and the nuclei of the two blastomerea are quite 
prominent* An interesting detail is the secondary polar body which appears 
to show the effects of adverse tonicity. A littermate (Fig. 12), recovered 
and photographed at this same time shows a perceptible size difference be­
tween the two blastomeres. Whether or not this size difference indicated 
the third cleavage division was about to follow is a debatable point since 
Austin (1956) did not find four celled cleavage stages on the second day of 
development, in any of the 107 eggs which he observed. Bypotonicity of the 
buffered saline solution in which the cleavage stages were photographed may 
explain the apparent size difference between these two blastomeres. Usually 
however such hypo tonicity caused the formation of small bubbles on the sur­
face of the blastomeres.
The four celled individual of Fig. 13 was recovered about 10 A.M. 
on the third day of development. The enlargement of the perivitelline space 
is evident. Cleavage, as judged by the relative size of the blastomeres has 
been regular to this point. No polocytes are visible. Granulation in the 
cytoplasm is quite evident. Figure 14 shows an eight celled individual, 
which was recovered about 2 P.M* on the afternoon of the third day of de­
velopment. This stage is comparable to the individual represented in Plate 
III, Figure 14 of Austin (1956). The number of cells found in the cleavage 
stages photographed as well as those which were recovered and then trans­
planted to the pouch was in conformance with the data of Austin (1956).
PLATS VIII
Preimplantation Stages
Pig. 11 —  Two celled individual showing secondary 
polocyte.
Pig# 12. —  Littermate of individual in Fig. 11, 
shoving effects of hypotonic!ty.
103}
\
Fig. 11
*
Fig. 12
PLATE IX
Preimplantation Stages
Four celled individual.
Eight celled individual
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Fig. 14
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It was difficult to recover blastocysts just at the point of their 
implantation in the uterine mucosa* No photographs of this stage were ob­
tained, although a few such embryos were recovered and transplanted to the 
pouch.
No blastocysts which were in the process of implanting in the uterine 
endometrium were obtained for sectioning* Ward (1946) was able to section a 
blastocyst which had a developmental age of 5 days and 6 hours and was in the 
early stages of implantation. She found that the embryo was lodged just be­
low the uterine epithelium, inside an antime some trial groove. A cleft in the 
submucosa, associated with the blastocyst, showed its line of penetration 
from the lumen of the cornu. She found that the ectoderm of the egg cylin­
der already showed differences in morphology and staining reactions between 
its embryonic and extraembryonic portions; distal and proximal entoderm were 
distinguishable, and Reichart1s membrane had appeared. She observed the be­
ginnings of placental development with basilar and capsular divisions.
postimplantation Stages
Thirty-three embryos were sectioned* They ranged in age from slight­
ly less than 6 days of development (Ward, 1946; Strauss, 1956) to ten and 
one-half days of development* They were sectioned both in utero and after 
they had been dissected free of all membranes except amnion and visceral yolk 
sac. The crown-rump measurements of forty-nine embryos were taken on the 
eighth, ninth and tenth days of development. These were the days on whioh 
most of the experimental work was done. Those embryos whose crown-rump 
measurements were at wide variance with what appeared to be the median mea­
surement for a specific, estimated day of development were not included in
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the averages for that day of development. They were either discarded, or 
assigned to an age group in which they more properly belonged on the basis 
of their size. Five embryos of a total of 59 were treated in this manner.
In Figure 15 the diagonal lines between the two dashed curves show the range 
of data. The measurement of the crown-rump length was done with a millimeter 
scale as indicated in Figure 6 (see Table l).
Six and one half days of development
Tissues recovered by the author showed that on this day the uterine 
lumen is still patent and the endometrium is intact mesometrially, but de­
generating antimesometrially (Figs. 16, 17). Extraembryonic and embryonic 
ectoderm are separated. At this stage the egg cylinder contains only one 
cavity, with no subdivisions. The distal entoderm is continuous throughout 
the yolk sac cavity. Trophoblastic giant cells as described by Ward (1948) 
and Orsini (1954) are in evidence. No amniotic folds can be seen.
Seven and one half davs of development
Comparison with Boyer's (1953) material shows no great difference in 
the embryos if one allows for the slight deviations in apparent age which 
arise as a consequence of Boyer's using "copulation age" (Ward, 1948) as a 
measure. The author used "developmental age" (Ward, 1948) as his criterion. 
Mesometrially, the uterine mucosa is in a state of advanced degeneration. 
Trophoblastic giant cells of three types are prominent. The neural grooves 
are prominent; the amnion is complete. In longitudinal section (uterine 
plane A; Snell, 1941) the chorion is not yet complete; the extraembryonic 
coelom is present; the vitelline placenta is prominent. Referring to Figures 
18, 19, 20 and 21, one can see that the transverse sections of this stage
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TABU) 1
COMPARISON OF CROWN-HUMP DATA (IN MILLIMETERS)
Days of Development
Investigators e „ o.U 8*5 9.0 9.5 10.0 10.5
Purdy and Hilleznann 
(I950d)
4.5 6.5 7.0
Hamm and Swartz
(1955)
6.5 7.9
Smith
(1958)
3.0 5.0 8.0
PLATE X
Pig. 15
Crown-rump Measurements
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PLATE XX 
Egg Cylinder Stag®
Fig. 16. — * Longitudinal section of egg cylinder 
showing continuous lumen.
Fig. 17. —  Same individual showing the ectoplacental 
cone and Trflger.
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Pig. 16
*
Pig. 17
PLATE XII
Normal Bnbryo at 7.5 Days
Pig. 18. —  Individual at 7.5 days of development, 
sectioned longitudinally through uterine plane A. 
100 X.
Pig. 19. — » Same individual in longitudinal section, 
showing the anterior end of the embryo. 430 X.
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Fig. 18
Fig. 19
PLATE XXIX
Normal Knbryo at 7,5 Days
Pig, 20, —  Eknbryo at 7,5 days of development, cut 
in transverse section, 100 X.
Pig. 21. —  Same individual, 450 X,
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Fig. 20
Fig. 21
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show the solid allantoic diverticulum growing across the extraembryonic 
coelom (Fig. 21 )* The paraxial mesodexm is solid throughout most of its 
extent, and the intraembryonic coelom is not prominent. Sections made in 
the plane of the mesometrium (plane C) show the embryo to be in early 
stages of turning* The three subdivisions of the embryonic cavity (amnio- 
tic cavity, extraembryonic coelom and the cavity of the TrMger) do not yet 
appear to be complete at the middle of the seventh day of development*
Bight and one half days of development
The embryo is strongly flexed; the myelocoele still shows prominent 
neuromeres; otic placodes are prominent; somites are differentiated into a 
dermatome-myotome element; myocoeles are still prominent in the somites; the 
neural tube is still open caudal to the qyelencephalon; the haemochorial 
placenta is well developed; the decidua basalis is well developed* fiefer­
ring to Figures 22 and 23 one can see that aortic arch 17 is prominent and 
flanked by pharyngeal pouches X and II; the dorsal aorta is still paired in 
the region of the cranial portion of the neural tube; cranial ganglia and 
anterior cardinal veins are visible lateral to the metencephalon; the dor­
sal aorta is single in the region of the umbilical vessels* The embryo is 
in the process of turning* interior limb buds are visible as slight thick­
enings in the somatopleure at about the level of the conus arteriosus and 
the mesencephalon (Figs* 24, 25)* The embryo, when sectioned in A plane, 
transverse to the long axis of the uterine cornu (90° to the plane of the 
mesometrium), shows transverse sections of the limb buds* However, because 
of flexion and torsion, the sections of the right and left buds are dif­
ferent in appearance* The ectoderm overlying the limb bud shows a light
PLATE XIV
Normal Embryo at 8.5 Lays
Fig. 22. —  &rt>ryo at 8.5 days of development 
Section through myelenoepbalio region. 55 X.
Fig. 23. —  Embryo at 8.5 days of development 
Section through limb bud region. 35 X*
119
Fig. 22
Fig. 23
PLATE XV
Normal Limb Bud at 8.5 Lays
Pig. 24. —  Embryo at 8.5 days of development. 
Section of limb bud taken longitudinally. 450 X.
Pig. 25 Same individual. 970 X,
fF ig . 24
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apical thickening. The telencephalic vesicles are well differentiated from 
the diencephalon* The neural tube is still open in its more caudal 
portions*
Nine and one half davs of development
The embryo is still strongly flexed. The anterior limb buds show 
well differentiated apical preaxial and postaxial thickenings of ectoderm 
(Figs, 26, 27); random branching of the subclavian vessels can be seen in 
the mesenchymal core of the limb bud; the lens primordium is commencing to 
differentiate from the overlying head ectoderm; telencephalic vesicles are 
well differentiated from the diocoele; mesonephric ducts and tubules are 
present* The posterior limb buds (Fig, 28) are reminiscent in their ap­
pearance of the anterior limb buds about 24- hours earlier. The nasal pla­
codes are well differentiated* Separation of the dermatome-myotome from 
the sclerotome is almost complete.
I found the haemochorial placenta (Fig, 27) to be identical in 
structure to that described by Adams and Hillemann (1950) at the mid-point 
of the ninth day of development*
Ten and one h**lf days of development
The five primary brain vesicles are well differentiated from each 
other; encephalon and neuraxis show division into ependymal, mantle and 
marginal layers; alar and basilar divisions of neuraxis are apparent and 
cranial ganglia are prominent; glial and conductive nervous elements are 
well differentiated from each other; the juxtapositioning of neural and 
ectodermal hypophyseal components is well under way* The lens vesicle is 
well differentiated; the head ectoderm still shows slight connection with
PUTS XVI
Normal Babryo at 9*5 Nays
Fig* 26* —  Babryo at 9*5 days of development. 
Detail of llab bud* 50 X*
Pig* 27* —  Babryo at 9*5 days of development 
Details of placenta* 430 X*
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Fig. 27
PLATE XVII
Hormal Limb Bad at 9*5 Bays
Fig* 28* —  The left-hand bud in the photomicro­
graph is the posterior limb bud in transrerse 
section. The anterior bud, seen to the right, is 
sectioned longitudinally* The plane of section 
passes through the anterior bud in such a way that 
the ectodermal ridge is almost oontinuous around 
the edge of the limb primordium* Reference to 
Fig* 26 will give a comparison with the appearance 
of a 9*5 day bud in transrerse section*
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the lens primordium. The dorsal and sympathetic ganglia, dorsal and ven­
tral somatic neural pathways and communicating rami are well established* 
The laryngotracheal groove is prominent* The nasal pits have developed 
into crypt-like structures*
Sclerotomes show differentiating, pre-carti 1 aginous mesenchymal 
condensation, presaging the formation of ribs and vertebrae. Anterior limb 
buds show early mesenchymal condensations of girdle and limb, but nowhere 
has cartilage yet developed. The apical pre- and postaxial limb ectoderms 
are less thick in proportion to the size of the limb than during the course 
of the ninth day* The heart is well developed: the ventricular wall shows 
the beginnings of muscularization and the interventricular septum, endo­
cardial cushions, ainal valves and interatrial septa are prominent*
The Detailed Organogeny of the Anterior Limb Bud
The morphological differentiation of the hamster limb bud is ac­
companied by concomitant premorphological and morphological biochemical 
changes in the mesenchyme* Precartilaginous mesenchymal condensations ap­
pear in the core of the bud and these are the precursors of the skeleto- 
genous elements of the limb and girdle*
Endoohondral ossification
The general course of endochondral ossification is too well known 
to be given more than passing treatment here. The first step in the pro­
cess, as seen in the limb bud mesenchyme, is a rounding up of the mesenchy­
mal cells and the crowding of these cells together into aggregates. Very 
soon these cells commence to separate as an amorphous ground substance is 
formed between them. This ground substance is called chondrin and
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chemically is composed of a complex mucopolysaccharide known as chondroitin* 
Collagenous fibers are also present in this ground substance* As soon as 
metamorphosed mesenchymal cells commence to secrete the ground substance 
they mav be designated as chondriocytes• The chondriocytes come to lie in 
spaces called lacunae and are associated together in nests* The mesenchyme 
which is peripheral to the developing cartilage becomes transformed into 
the perichondrium* From the inner chondriogenic layer, growth of the car­
tilage takes place by the appositional mechanism* When the crowding of 
the lacunae in the ground substance precludes further interstitial growth, 
growth then occurs by appositional mechanisms*
The next major step in bone formation is the aligning of the car­
tilage cells in rows, followed by an ingrowth of vascular buds from the 
perichondrium* These vascular buds erode the substance of the cartilage 
to form the primary marrow cavities* Nelson (1953) says that at this time 
large multinucle&te cells, called chondroclasts, make their appearance and 
aid in the destruction of the cartilage* The bone-forming cells proper, 
the osteoblasts, then appear in the peripheral part of each vascular bud 
and commence to deposit bone on the remaining spicules of calcified carti­
lage* Continual deposition of bone salts on the framework of the eroded 
cartilage converts it into spongy or cancellous bone*
From this point on endochondral ossification becomes perichondral 
in its mode of formation* That is, the original perichondrium becomes the 
periosteum and the inner, osteogenic, layers of the periosteal layer of the 
periosteum deposit circumferential lamellae* A cylinder of compact bone 
surrounding the spongy core of the developing bone is thus fomed* Further 
steps in endochondral ossification will not be discussed since the
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ossification of the limb buds which were explanted to the cheek pouch did 
not differentiate beyond this point*
The development of the anterior liab 
bud during the course of the eighth, 
ninth and tenth days of development
Eighth day of development* —  The anterior limb buds at this time 
are still nothing more than thickened splanchnopleure at about the level of 
the developing body stalk* Grossly they are just visible as lentiform 
swellings* In the transverse plane they are reminiscent in appearance of 
a mammary gland in profile, the apical ectoderm having the appearance of 
nipple and areola (Fig* 23)* The mesenchyme of the limb bud is very loose 
and shows no evident signs of precartilaginous condensation* The ectoderm 
grades from simple cuboidal (in its pre- and postaxial portions) to a type 
of pseudo-stratified epithelium, i*e*, the constituent cells are cuboidal 
and appear to have a stratified arrangement, yet some appear to touch the 
basement membrane* No endothelium-like periderm yet covers the limb ecto­
derm cells proper* This periderm would seem (from my observations) to ap­
pear somewhat later in development*
Ninth dav of development* —  The liab bud by the middle of the 
ninth day, has become well differentiated from the splanchnopleure* Seen 
from the lateral aspect it looks somewhat like a stumpy flipper, the long 
axis of which is directed away from the body at an angle, and pointed in a 
caudal direction* The thickening of the pre- and postaxial and apical ec­
toderm is evident grossly* Reference to Fig* 26 will show that in longi­
tudinal section, the preaxial seems to be the thickest portion of the ecto­
dermal ridge* The ectoderm becomes thinner at the apex and thicker again
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as the postaxial border is approached* The posterior limb buds, while 
well differentiated at this time, lag considerably behind the anterior 
pair* The outstanding difference is that the apical ectoderm in the pos­
terior pair is in the form of a "button" whereas in the anterior pair the 
ectoderm is thin* The axes of the subclavian axillary arteries are not 
well established, although endothelial tubes may be seen* No outgrowing 
nerves from the developing brachial plexus have yet reached the bud* The 
precartilaginous mesenchymal condensations are not as yet in evidence 
though the mesodermal core of the bud shows the crowding and packing of 
cells which presages this formation* Histologically, the preaxial thick­
ened ectoderm of the anterior limb bud appears to have somewhat the struc­
ture of pseudostratified cuboidal epithelium* The cells are loosely ar­
ranged in layers, yet many of the cells apparently touch the basement mem­
brane* Overlying all these cells is an endothelium-like periderm of ecto­
dermal cells (Figs* 29,30)« The unthickened limb bud ectoderm is cuboidal 
in structure, with no difference in the structure of the overlying peri­
derm compared with its appearance on the previous day of development*
Tenth day of development, —  In transverse section the limb bud 
resembles a seal’s flipper; in longitudinal section no digits are visible 
(Fig* 31 )• The ectoderm is thinner on the dorsum of the bud than it is in 
the axilla (Fig* 34-)♦ Under high dry magnification (440 X) the ectoderm is 
seen to be complex in structure: the cell-types grade from columnar in the 
axilla to cuboidal on the inferior surface of the bud and again to colum­
nar in the thickened apical ridge (Figs* 32, 33)* The cells of the limb 
ectoderm proper have a basement membrane; and overlying them is a layer of
PLATE XVIII 
Normal Limb Bud at 9*5 Bays
Pig, 29# —  Ixmgitudinal section of an embryo of 
9*5 days to show the limb buds. 450 X.
Pig. 50. —  Embryo of 9*5 days of development in 
longitudinal section, shoving details of limb ecto­
derm. 970 X.
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Fig. 30
PLATE XXX
Normal Limb Bud at 10*5 Lays
Fig. 51- —  Transverse section of 10.5 day limb bud 
shoving vascular and neural supply and general mor­
phology of the bud. 100 X,
Fig. 32. —  Axillary region of a 10.5 day limb bud 
in transverse section. 430 X.
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Fig. 31
Fig. 32
PLATE XX
Normal Limb Bud at 10*5 Bays
Fig* 33. —  Periderm of ectoderm, showing endothelial- 
like nature and the overlying amnion* 970 X«
Pig* 34* —  Transverse section of the region of the 
spinal cord and brachial plexus of the 10*3 day bud* 
100 X.
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Pig. 34
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primitive periderm composed of endothelial-like ectoderm (Fig* 32). Ap­
plied over the periderm is the amnion which is not reflected into the de­
veloping axilla but is continuous from the dorsum of the limb bud to the 
ventral body wall (Fig. 31)•
Neural supply is well delimited, and the axillary nerve and its de­
veloping peripheral and central connections are seen associated with the bud 
(Fig. 34). The subclavian artery is well developed. The basic anatomical 
relationships of the adult are already well established with regard to vas­
cular , neural and osseous structures (as indicated by precartilaginous 
mesenchymal condensations).
Pilot Operations
Transplantation of Ova 
Approximately 27 ova or cleavage stages were transferred to the 
cheek pouch of the female from which the embryos were recovered. No intra­
pouch growth occurred. This finding is in accord with the observation of 
Bdving (1957) that the intrapouch connective tissue space in the hamster is 
not a suitable site for the study of extrauterine growth of uncleaved eggs 
and cleavage stages. I feel that it is mainly a technical difficulty that 
prevents the growth of early embryonal material. Apparently the saline so­
lution in which the cleavage stages are transferred, forces the ova back 
out of the pouch by way of the incision which was first made in order to 
introduce the embryos.
Transplantation of Ova and Endometrium 
The negative results from the transfer of preimplantation stages 
only, led me to try transferring ova accompanied by endometrium. This,
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I hoped, might favorably modify the pouch environment* Successful growth 
of the endometrium was promptly obtained, autologous transplants of endo­
metrium to the cheek pouch growing and persisting for 15 to 30 days, as 
reported by Smith and Patt (1957)* The columnar cytoarchitecture of the 
endometrium was retained* The overall morphology of the endometrium growing 
normally in the pouch was essentially like that of the intact uterus* The 
submucosa and muscularis retained their usual histological arrangement 
(Figs* 35, 36)* Typically, endometrial transplants elicit an initial in­
flammatory response characterized by vasodilatation, venous tortuosity, 
petechial formation and occasional localized edema* This response is tran­
sient and appears to subside in the first week*
Table 2 summarizes the data from the transfer of ova and endome­
trium together, to the cheek pouch of the mother animal* In all, 40 ex­
plantations of endometrium to the cheek pouch were carried out* Of these 
approximately 29 (71^ ) showed some degree of intrapouch growth. Eighteen 
(62$) of the implants which grew in the pouch showed essentially normal 
histology and morphology*
Transplantation of Various Bkabryonal Tissues 
The transplantation of embryos along with their associated decidua 
had shown that the size of the implanted mass was an important factor in 
the degree of inflammatory response of the pouch* Accordingly embryos were 
dissected free of all decidua and membranes, with the exception of the am­
nion, and a portion of the embryo was then transplanted* These portions 
were usually complete thirds of an embryo, that is, either the entire ce­
phalic end of an embryo, the middle third, or the caudal third* A variety
PLATE XXI
Endometrial Crypt
Fig. 55. —  Endometrial crypt growing in the 
intrapouch site. 100 X.
Fig. 56. —  Same tissue, showing essential nor­
mality of the cytoarchitecture. 450 X.
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Pig. 35
Pig. 36
TABI£ 2
THE GROWTH GP ENDOHETEItJK IN THE CHEEK POUCH 
OF THE HAMSTER MESOCRICETUS AURATDS*
Growth
Days Number of No Histo- Normal Abnormal
Post Coitum Explants Growth genesis Morpho- Horpho-
only logy logy
2 3 0 1 2 0
3 2 0 0 2 0
4 6 1 2 2 1
5 6 2 0 3 1
6 6 1 1 3 1
7 5 3 0 1 1
8 11 4 2 4 1
9 1 0 0 1 0
11 1 1 0 0 0
Total 41 12 6 18 5
Percentage of the total 29 15 44 12number of operations
♦Notes In three cases growth of endometrium as well as other tissues 
was seen; these tissues were uterine tube lining, probably trophoblast 
and probably yolk sac*
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of tissues, such as brain (Fig* 37)* bronchiole (Fig, 38), heart (Fig* 39)* 
mesonephros (Fig. 40) and tooth (Fig. 4l) were found to grow, differentiate 
and desplay a remarkable degree of autoregulative activity. It wee interes­
ting to see that all three germ layers and their derivatives are capable of 
undergoing both "organotypic" and "hiatiotypic" growth in Haximow's (1925) 
sense. In all, 14 explantations were made, consisting of a complex of em­
bryonal tissues. Of these, 7 (5000 failed to grow. Two (l4^ ) underwent 
histiotypio growth only. Four (2$() underwent complete regulative growth 
in the oheek pouch environment; that is, their development seemed to be 
normal. Table 3 summarises the data of this series.
The relatively low percentage of intrapouch growth in this aeries 
is not, I believe, the results of an innate lack of capability of the em­
bryonal tissues to grow in the cheek pouch site. Technical difficulties of 
recovery, transfer, end injury to the embryonal tissue explain most of the 
failure. If the embryonal or endometrial tissue explanted to the oheek 
pouch is of sufficiently small size it will bring about only a mild, tran­
sient inflammatory response (Smith and Patt, 1997). However, if the piece 
of transplanted tissue is too large (greater than 2 mm. square), the in­
flammation becomes more extensive. In ulcer is formed which suppurates, 
subsequently perforates, and is accompanied by the formation of considerable 
granulation tissue* When explants were inserted into the intrapouoh con­
nective tissue, many tissues were lost from the intrapouoh space via the in­
cision through which they were inserted —  another reason for the failure 
to find embryonal growth in the pouoh site.
&cnUnt*Uon of th» latmt Id»b Bud
As soon as it was evident that extrauterlne embryonal growth was
PUTS 2X11
Regulative Growth In Explants
Pig* 57. —  Brain histogenesis, shoving good dif-* 
fsrontiation of the ventricular lining. 450 2.
Fig* 58. —  Differentiation of a bronchiole 450 X
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Fig. 37
Fig. 38
FLATS m il
Regulative Growth in Bxplanta
Fig* 39* —  Histogenesis of heart muscle*
450 X*
Fig* 40* —  Histogenesis of the mesonephros. 
430 X*
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Fig* 40
PLATE XXIV 
Regulative Growth in an Expl&nt
Fig. 41* —  Histogenesis of a tooth. 430 X.
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TABIE 3
THE GROWS QT VARIOUS EMBRYONAL TISSUES
i n t h e cheek; KXJCS
Explant:
Age in Bays 
Post Coitua
Non-
Regulative Intra­
pouch Growth
Number 
of Ebcplants
No
Growth
regu­
lative
Growth
Incom­
plete
Complete
7.5 6 3 0 1 2
8.5 4 2 1 0 1
9.5 1 0 1 0 0
10.5 3 2 0 0 1
Totals 14 7 2 1 4
Percentage of the total 
nuaber of explanta 50 14 7 29
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possible in the intrapouch connective tissue, I decided to concentrate upon 
the transplantation of one organ* The organ chosen vas the anterior limb 
bud* It is easily identified at an early stage in embryogeny, is easily 
operated upon and has been intensively investigated in the amphibian and 
chick* The limb bud was excised and explan ted during the course of the 
eighth, ninth, tenth or eleventh days of development* Table 4 summarizes the 
data obtained* The key for the series of operations listed in this table vas 
given in "Materials and Methods" on page 95*
The morphogenesis and histogenesis which took place in those explants 
showing regulative growth in the cheek pouch appeared to be normal (Figs* 42, 
43). The implants became well vascularized, and many formed oanoellous bone 
(Figs* 42, 43)♦ As the work proceeded, Yilmer's modification of the Gamori* 
Takamatsu (1939) technique vas used to demonstrate the presence of alkaline 
glycerophosphatase • 1 concentration of phosphatase vas seen in the extras 
cellular matrices where cartilage vas undergoing ossification or undergoing 
erosion* Distinct periosteal buds were seen (Fig* 45)*
Skin grew very well, with both hair and sebaceous glands becoming 
differentiated (Figs* 46, 47) • No arrectory muscles have been seen but the 
morphology of the hair shaft, follicles, papillae and sebaceous glands were 
normal in appearance* Myoblasts were observed in close association with de­
veloping joint elements* Ossification centers developed in their normal dia­
physeal or epiphyseal positions* It vas possible to identify both fibrous 
and osteogenio periosteum*
Bral«nt«tloii of the Modified Ujlb Bud 
After it vas established that the limb bud would undergo essentially
TABUS 4
THE INTRAPOUCH GROWTH OP EXPERIMENTAL CONTROL TISSUES 
(NOT EXPERIMENTALLY MODIFIED) WHEN TRANSPLANTED 
AT 7.5 TO 11.5 DAYS POST CQITUM
Non-
Number regu-
Rxperimental of No lative 
Groups Explan ta Growth. Growth
Regulative 
Growth $ Showing
-------- 1 Complete
Incom- Complete Regulative 
plete Growth
Babryonal
tiaauea
Experimental 
control 
autograftt
7.5 Days of Development
6 5 0 1 2  
2 1 0  0 1
35
Embryonal
tiaauea
Experimental
control
autografts
8.5 Days of Development
4 2 1 0  1 
4 1 1 1 1
25
Bnbryonal
tissues
Experimental
control
autografts
9.5 Days of Development
2 0 2 0 0
4 2 0 1 1
17
TABLE 4— Continued
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Non-
Regulative
Growth Showing
Complete
Regulative
GrowthExperimentalGroup
Muuuvr
of No 
Explants Growth
regu­
lative
Growth
Incom­
plete
Complete
10*5 Bays of Development
Embryonal
tissues 3 2 0 0 1
EC^ i 6 0 1 1 4 65
Homogr* to $ 1 0 0 0 1
Homogr* to 6 1 0 0 0 1
11*5 Bays of Development
Experimental 
control 
series1 E^
2 0 2 0 0 0
Totals 35 11 7 4 13
* Overall percentage of "take" was 69*
PLATE XXV
Regulative Growth of Explanted Limb Bud 
Pig. 42. —  Hume rue growing in the pouch site. 
Pig* 43. *— Endochondral ossification. 100 X.
100 X.
154
\
Pig. 42
Fig. 43
PLATE OTI 
Regulative Growth of the Humerus
Pig* 44* —  Proximal end of the humerus* 100 X*
Pig* 43* —  legion of periosteal hud* 430 X*
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Pig. 44
Pig. 45
PLATE ZX?U 
Regulative Growth of Skin
Pig* 46* —  Differentia tod skin* 100 X*
Pig. 47. Sebaceous gland* 430 X*
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Fig. 46
*
Fig. 47
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normal regulative development in the cheek pouchy I decided to attempt the 
experimental modification of this growth by separating the tvo components 
of the limb bud, namely the apical and pore- and poet&xial ectoderm and the 
underlying mesodermal blastema* Zvilling (1949 e£ aeq«) and Saunders 
(1948), using the ohiok, had shown that these two components had a dynamic 
interrelationship* The details of this modification and the use of 
Tersene have been discussed under materials and methods on page 84* Mo­
dified limb buds were prepared from embryos of the eighth, ninth and tenth 
days of development* It was discovered that the earlier in the ontogeny 
of the limb bud the ectoderm was removed, the less complete was the limb 
which developed from this limb primordium placed in the cheek pouch* "Com­
pleteness" of a limb was considered to imply that recognisable limb and 
girdle elements were seen in section* Reference to Table 5 will show this 
relationship at once* It should be emphasised that in this table normal 
growth la considered to be complete, regulative development; that is, the 
formation of recognisable girdle and appendicular elements whose topo­
graphy as seen in s action is essentially the same as the intact limb at a 
comparable stage of development utero. Abnormal is to be construed to 
mean that, while some limb and girdle elements may have grow and differen­
tiated in the graft, certain structures (osrpals or metacarpsls, for 
example) are missing* Figs* 48 and 49 show an ossifying embryonal scapula 
developed from an experimentally modified explant* Hypertrophic carti­
lage can be seen, which shows a tendency to form a humerus*
RKWintpitl,?n tf W m tfl Hmgffh— <n C1—Jwrtmxwltion to ftf a.tod«T-
Both the intact and modified anterior limb buds have & remarkable
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7ABI£ 5
THE EFBECT OF ECTOXEBMAL EXTIRPATION CW TEE AUTCSEGUUTIVE CAPACITY 
OP DTOAPOCCH LIME BOD AS INDICATED BY THE PERCENTAGE 
GP REGULATIVE DEVELOPMENT
Ho&-
Number regu-
Bxperlmental of No la tire
Group Explants Growth Growth
Regulative 
Growth % Showing... - Complete
Iuoom- Complete Regulative 
plete Growth*
8*5 Leya of Development
■ l 8
3
5 1 2 
3 0 0
0
0 0
9*5 Days of Development
“ i 6 0 2 4 0
eb2 5 1 1  1 2 14
■ i 3 0 0 5 0
10*5 Days of Development
BE^ 2 1 1  0 0
be2 3 0 0 0 3 38
EB, 3 0 2 1 0
* The percentage of complete regulative growth is computed from the 
total number of explanations done*
PLATE XXVIII 
Hftgul&tiY* Growth of Soapula
Pig* 4S* —  Ossifying embryonal scapula* 100 X*
Pig. 49. —  Same. 450 X.
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ability to undergo auto regulative development in the intrapouch connective 
tissue* In the case of the limb experimentally modified by the removal of 
the ectoderm, the diminution of autoregulative capacity is in relation to 
the time of ectodermal extirpation. Zvilling's work (1949 et sea.) has 
shown that a mutual interrelationship exists between limb ectoderm and un­
derlying mesodermal blastema. Disturbance of this relationship results in 
a disturbance of limb development*
I wished to determine whether or not this same mutual interdepen­
dence exists in the developing mammalian bud as Zwilling had shown it to 
exist in the chick. Accordingly I removed limb ectoderm (using the Veraene 
technique elsewhere described) and wrapped it around rectangular blocks of 
solerotomal mesenchyme which had had their overlying ectoderm, neural tube 
and dorsal root ganglia removed*
The data which are summarised in Table 6 Indicate that the later in 
development the modified somital material is explanted, the greater will be 
the degree of antoregulation* The term autoregulation as applied to this 
group of explanta connotes morphogenesis and differentiation leading to the 
formation of & recognisable vertebral arch primordium as pictured in Figs. 
50 and 51. Small amounts of non-limb bud ectoderm which were present in 
some of these explants apparently had no effect on the degree of autoregu­
lation seen. In the greater number of these explants the mesenchyme of the 
solerotomal mass persisted with only a slight indication of morphogenesis 
as indicated by slight condensation of mesenchyme* The experimental series 
seemed to be no different in their intrapouch morphogenesis than the ex­
perimental controls (EI^ ).
It is apparent that limb bud ectoderm is intimately related to the
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TABIE 6
THE POSSIBLE INDUCTIVE EFFECT OF LIMB BUD 
ECTODERM Ctf 3C1EROTGNAL MESENCHYME 
AS SEEN IN INTRAPOUCH EXPLANTS*
Experimental
Group
Number
of
Explants
Non-
regu^
lative
Growths
Regulative
Growth i» Shoving 
Complete 
Regulative 
Growth
Inoom- Complete® 
plete
8*5 Days of Development
EI„2
BI1
1
1
0
0
1 0 
1 0 0
9*5 Days of Development
EI2
S __________
2
7
2
2
0 0 
5 0 0
10*5 Days of Development
H i 6 0 3 3 50
11 - 11*5 Days of Development
5 l 2 0 0 2 100
* All tiseuea grew But non* underwent sufficient morphogenesis to 
fora a limb bud*
# Slightly-differentiated mesenchyme —  no ectoderm, no bone*
• "Complete1* indicates development of recognisable vertebral anlagen 
and associated structures*
PLATE XXIX
Regulative Growth of Vertebral Anlagen
Fig* 50. —  Metamorphosed vertebral anlagen and 
skeletal muscle. 100 X«
Fig. 51* —  Same aeetiozu 430 X*
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mesodermal core of the limb bud only, because when it is removed from the 
limb, it can neither induce a non-limb bud mesoderm to form a limb bud, nor 
can it, itself, survive.
DISCUSSION
The hamster cheek pouch has been proven to be a suitable experi­
mental locus for the study of extrauterlne mammalian embryonal development • 
The age, sex or physiological condition of the host with regard to sex hor­
mones appear to have no demonstrable effect upon the intrapouch growth of 
explanted embryonal anlagen* With the exception of the 8*5 day stage, the 
hamster embryo has proved to be a hardy tissue under experimental handling* 
One might speculate that inexpert manipulation of embryos oould have af­
fected their ability to survive am transplanted tissue; however, although 
the skill of the operator increased with his experience in handling the 
embryos, this apparently did not affect the overall percentage of take in 
these experiments* The cheek pouch when everted and pinned out over the 
optical block for transillumination is under considerable tension; and 
this has raised the question, whether such tension is damaging to the 
transplant* Our results have shown, however, that the mechanical stress 
to which the embryonal explant is subjected when it is placed in the 
stretched pouch does not have a serious effect on its growth and morpho­
genesis* I am certain, on the other hand, that the tension within the 
pouch frequently results in the ejection of the explant from the intrapouch 
connective tissue via the incision made in the upper pouch layer for the 
purpose of inserting the embryonal tissue*
The histological arrangement of the cells in the developing limb 
bud explants suggest that the antoregulative capacity of the limb primor*- 
dium is sufficient to cause cells to align in rows, the cartilage models
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to form, undergo modeling and for joint* to develop.
What are the factors which make the cheek pouch connective tissue 
such a suitable locus for explantation? First, the cheek pouch is an in­
tact membrane with its own rich blood supply* It is, in fact, an "ip 
vivo" tissue culture. Since explants are placed dose to a branch of the 
central vessel, capillaries are only a minute distance from the embryonal 
tissue* The temperature of the cheek pouch (unanaeathetised, 38*7° C*
± *78° C* (S*T*D.); Drapeau, 1958) is dose to that of the internal en­
vironment of the host animal. (The rectal temperature of an anaesthe­
tised hamster is 57 to 38°C*, about 2° C* higher than the cheek pouch 
under similar conditions.)
Work by many other investigators which has been reviewed above in­
dicates that the mammalian ovum or embryo will grow in a variety of ex­
perimental loci* Judging by the low percentage of "takes" which these in­
vestigators reported, their loci of Implantation appear to have been much 
less favorable sites for the study of manalian extrauterine growth than is 
the hamster oheek pouch* The two exceptions are the sites used for the 
transuterine transplantation technique originally developed by Heaps 
(1890), who used the uterine horn of a host short-hair rabbit for angora 
ova; and that of Nicholas (1925) by which he was able to obtain full term 
rat fetuses from ova be had let fall into the perivisceral coelom. One of 
Nicholas' observations, developed from his long series of investigations, 
has been that the embryonal material, if it is to grow, must be placed 
within a pocket* This may be s naturally-occurring pocket or one surgi­
cally prepared for the reception of embryonal material* The comparatively 
high percentage of morphogenesis which we found in embryonal explants to
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the cheek pouch Indicates that this locus, a surgically-prepared pocket, 
meets the requirements stated by Nicholas.
Workers from the time of Maximov (1925) to Nicholas (1947) have 
observed that while histogenesis of mammal1an embryonal material is fairly 
common in experimental sites, morphogenesis is not* Other workers have 
reported that failure of the graft to take is accompanied frequently by the 
dedifferentiation of the embryonal tissue* My results also indicate that a 
certain amount of dedifferentiation occurs during the first week after the 
embryonal material has been explan ted. 1 assume this is because it is 
during this interval that the vascularization of the implant is becoming 
established. The minimal transient edema and vasodilatation which are in 
evidence at this time do not appear to have any marked deleterious effects.
Beferenoe to Table 5 (control tissues) shows that the percentage of 
morphogenesis obtained has no apparent correlation with the age of embryonal 
material at the time of its explantation* I should mention, however, that 
the limb bud of the 8*5 day embryo is exceedingly easy to damage and that 
unless care is taken it will almost completely disintegrate before it can 
be explanted* As the work proceeded, no more trauma was inflicted on the 
limb bud of the embryo at 8*5 days of development than upon later days*
The significance of the work reported here is based upon the demon­
stration that an experimental analysis of the organogeny of the developing 
limb bud is possible through the use of the cheek pouch technique* The
limb bud, dissected free of its normal vascular and neural sup­
ply, has been shown capable of undergoing good autoregulative development* 
Thus in this respect, it is like the limb buds of the chick. Further, the 
somites apparently play no part in anterior limb development since the ilfb
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bud is dissected free of them, yet continues its development; in this, too, 
it is like the limb bud of amphibian and chick*
(rrohatein's (1950, 1995) work with the mouse embryo has shown that 
inductor systems in mammals are operative in the embryonic shield, metane- 
phros and neural tube; the work reported here shows that in addition to 
these, an inductor system also operates in the mammalian limb bud* The 
only other oases of inductor systems reported for mammals are Rothfel's un­
published work reported by Nicholas (1955); the work of Toro (1938) on 
homoiogenetic induction in the rat; the single oase of induction of rabbit 
ectoderm by chick organiser reported by Vaddington (1936a, 1957); and 
finally, the attempt of McAlpine (1956) to study the special biochemistry 
of the ectodermal ridge* Ve feel that the dynamic interrelationship which 
Zwilling (1949 et sec*) and Saunders (1948) have shown to exist between the 
mesodermal blastomere and ectodermal ridge in the developing chick limb bud, 
also exists in the mammalian bud*
I have continually been impressed with the fact that the limb bud 
primordium is capable of withstanding a great deed of traumatic injury in 
the process of explantation* In addition, for the first few days of intra­
pouch existence, it appears to undergo a degree of dedifferentiation; yet 
it is oapable of growth and morphogenesis in spite of these obstacles* The 
cells are apparently able to survive the effects of mild cytolysis.
Aspects of two inductor systems have been investigated in the work 
reported here* The first is the ectoderm-mesoderm complex in the limb bud. 
The seoond la the inducing influence of the spinal cord upon the sclero­
tomes to form vertebral anlagen* Results from the series of explantations 
in which spinal cord, dorsal root ganglia and overlying ectoderm were
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removed from blocks of sclerotomal mesenchyme suggest that the hamster, like 
the mouse, has an Inductor system operative between neural tube and sclero­
tomes* Although I, like Grobstein, have no idea as to what the chemical 
nature of this inducing stimulus is, dose contact between neural tube and 
sclerotome are apparently necessary for its operation* The inducing stimu­
lus which is elaborated from the neural tube and which acts upon the anlagen 
of the vertebrae appears to have exerted its influence by the end of the 
tenth day of development* This is indicated by the rise in percentage of 
normal regulative growth of the vertebral anlagen after this time*
The anlagen placed in the pouch will apparently continue to grow 
and differentiate up to a month* The optimal intrapouch time for growth is 
about two weeks* After this the implants commence to show slow degenera­
tive change and resorption* The host animal apparently builds up a slowly 
developed "foreign protein" reaction, since of course the genotype of the 
embryonal material is quit© different from that of the host animal*
The presence of a positive alkaline phosphatase teat demonstrates 
that biochemical differentiation in the intr&pouch embryonal transplant has 
accompanied its morphological differentiation* Hence the explants to the 
cheek pouch retain the same enzymatic mechanism for ossification that they 
would have had in the intact bud utero.
Induction seems to involve, according to Weiss* schema, a sorting 
out of certain molecular species within the cell into specific orderly ar­
rangements* Steric interlocking of the end groupings of these species oc­
curs across the cell surface with the end groupings of molecules of the in­
ductor* This binding, which appears to occur at right angles to the cell 
boundary, is quite short-lived* Thus, for induction in a given inductor
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system to occur, close contact of the main components of the inductor sys­
tem is essential, at least for the short time that the sterio interlocking 
of end groups across the cell surface is present. My work has shown that 
in the hamster limb bud this sterio interlocking, if it occurs, probably 
does so some time during the course of the ninth day of development, since 
removal of the ectoderm of the limb bud at this time results in a failure 
of the limb to regulate normally to a complete organ. The removal of the 
ectoderm during the course of the tenth and eleventh days of development is 
not as effective in inhibiting limb development. Thus it appears that in 
the interval between the ninth and tenth days of development the induction 
mechanism as outlined above has operated and determined the bud as a limb. 
My results would appear to be in conformance with Weiss* concept of induc­
tor mechanisms.
The mammalian limb hud does not require an intact nerve supply for 
its development in contradistinction to the amphibian limb bud blastema 
which fails to regenerate unless the innervation of the limb bud is intact* 
No nerve supply has been demonstrated in my explants; the earlier ones, ex- 
planted at eight and one half days of development, do not contain any neural 
tissue at the time of their explantation. Only later do neuroblasts grow 
in from the developing brachial plexus. I feel that limb development in 
the la independent of neural development and consequently, of func­
tion. Thus, this work shows conformance with Hamburger's (1938) work on 
the chick limb hud.
The experimental techniques developed by Zwilling (1949 et sea.) 
should be further applied to the mammalian limb bud. Botodermal-cap- 
mesoderaal-oore interchanges should he effected between two embryos of
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different litters tout of very similar morphological and chronological age 
to ascertain whether or not such a composite limb could regulate normally. 
As swilling has done in the chick, the re la tire orientation of the ecto­
dermal cap with respect to the mesodermal core of the bud should be modi­
fied, This could be done in donor^ host composite buds as Zwilling did, or 
by changing the relationship of the two components of a bud and recombining 
them. The object of such a study would be to determine the symmetrical re­
lations of the limb produced.
The inductor system existing between the ureteric bud and met&ne- 
phrogenlo mesenchyme should be investigated in the hamster, 1 feel that 
these two primordia would each develop enough in the intrapouoh environment 
to allow the elucidation of their inductive interrelationship.
The optic cup and lens-inductor system suggests itself as one pos­
sible inductor system which could well be studied in this new site.
Lastly one particular developmental stage is very attractive as a 
possible object of investigation —  the egg cylinder, Vould it not be of 
interest to separate the two germ layers of the cylinder prior to the for­
mation of considorablo amounts of mesodexm, and before formation of the 
primitive streak? This separation would, if the separated component a of 
the cylinder grew, tell us something of the morphogenetic potentialities of 
each of these two components and, perhaps, some aspects of primary induc­
tion in mammals.
Another whole series of experimental procedures might be directed 
towards determining the usefulness of the intrapouch site for the study of 
the ontogeny of endoorine correlation. Endocrine anlagen, prior to their 
definitive differentiation might bo explan ted and their endoorine activity
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determined by bioassay methods after a period of intrapouch growth and 
differentiation* The possible applications of the technique developed and 
reported here seem quite numerous* 1 anticipate spending many years in 
exploring them*
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SUMHARX
1* The potential usefulness of the hamster cheek pouch as a 
suitable tool in experimental embryology was explored* It vas not found 
suitable for very early embryos, for no differentiation or morphogenesis 
was obtained when 27 ova, morulae and early blastocysts were explan ted to 
the intrapouch connective tissue*
2* When uterine endometrium vas transplanted along with cleavage 
stages or early egg cylinders, histological study shoved that endometrium, 
subjacent mucosa and associated myometrium had grown and proliferated in a 
number of oases (18 out of 41) in a manner remarkably like that of these 
same tissues in the intact uterus*
3* Various tissues of the postimplanted embryo were found to be 
capable of undergoing morphogenesis and differentiation when explan ted to 
the cheek pouch* Derivatives of all three germ layers were grown in this 
site*
4* The intact limb bud was capable of undergoing normal histo­
genesis and morphogenesis in the cheek pouch site* The formation of hya­
line cartilage, models of girdle and appendicular elements, their subse­
quent hypertrophy, replacement by osseous tissue and the formation of can­
cellous bone, all were observed in histological sections of recovered ex­
plants* Alkaline phosphatase vas demonstrated histochemically in the hy­
pertrophic cartilage and extracellular osteoid matrix of the limb bud*
3* Removal of the apical, ptreaxial and postaxial ectoderm inter­
rupted normal regulative activity and prevented the explanted limb bud
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from developing a complete limb and girdle* The induotor relationship of 
mesodermal and ectodermal components of the limb bud appeared to be short­
lived because after nine and a half days of development, ectodermal extir­
pation failed to elicit a significant difference in the development of these 
limb buds as compared with unmodified buds*
6* Limb bud ectoderm, when separated from its mesodermal component 
and wrapped around blocks of sclerotonal mesenchyme which had been stripped 
of their overlying structures, failed to induce the non-limb bud mesoderm 
to regulate its development in the direction of limb-bud formation*
7* The inductor principle of the neural tube which regulates the 
sclerotomes in the formation of vertebrae (demonstrated by Grobstein in the 
mouse) can be demonstrated in the hamster* is explantations are made on 
successively later days in development the percentage of anlagen which de­
velop into recognizable vertebral elements rises sharply* This indicates 
that the inductor systems have, by 8*5 days of development, irreversibly 
determined the fate of their respective mesoderms* This is true of both 
the limb bud inductor system, and that of the neural tube*
8* The hamster cheek pouoh has been demonstrated as a suitable 
site for the study of extrauterine development in explanted normal mammalian 
embryos or their anlagen* Furthermore, its environmental conditions allow 
the transplantation, growth and recovery of experimentally modified embryo­
nal anlagen, thereby providing experimental embryologists a convenient 
tool for the study of mammalian inductor systems*
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ABSTRACT
The potential usefulness of the membranous cheek pouch of the ham­
ster as an investigative tool in experimental embryology has been explored* 
After preliminary studies involving the transplantation of ova, morulas, and 
various embryonal tissues, the anterior limb buds of embryos in the eighth 
to eleventh day of development were chosen for intensive study.
Ova or embryos were removed after unilateral hysterectomy and im­
plants were made subepidermally into a "pocket” prepared in the richly vas­
cular connective tissue of the oheek pouch of the host. Mothers, metestrue 
females, and males were used as hosts, with no apparently significant dif­
ference in receptivity or subsequent course of differentiation of the im­
plants. Preimplantation stages failed to grow, but when, in an effort to 
approximate jji utero conditions, uterine endometrium was transferred with 
either pre- or post-implantation stages, endometrial growth in the pouch 
ensued. The cytoarchitecture of the endometrium and the associated submu­
cosa and myometrium which had been transplanted along with it was remar­
kably like that of their normal counterparts in the intact uterus.
Explantation of pieces of embryos to the cheek pouch demonstrated 
that derivatives of all three primary germ layers would undergo both dif­
ferentiation and morphogenesis in this site.
The unmodified limb bud underwent marked regulative development when 
explan ted to the oheek pouch. When the pre- and postaxi&l and apical ecto­
derm were removed in an attempt to demonstrate the possible interdependence 
of ectodermal and mesodermal components of the limb bud, regulative develop­
ment was interrupted. The later in limb bud development that this
191
separation was affected, the smaller was the proportion of non-regulative 
growth, with nine and one-half days representing the tine before which 
little or no regulative growth was obtained. Investigation of tissue al­
kaline glycerophosphates* during the course of differentiation of the ex- 
planted buds in the cheek pouch site shoved appreciably increased activity 
of this enzyme occurring as morphogenesis and differentiation of the anlagen 
went forward.
Limb bud ectoderm was shown to be unable to induce non-limb bud 
mesenchyme to form a limb. A second inductor system, one which operates 
between neural tube and dorsal sclerotome, influencing the differentiation 
of vertebrae, was also shown to exist in the hamster.
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